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I.  Introduction. 

Ill  the  [icrioil  I'niiii  llRit  to  l!'7l.  iiioi'c  ihiiii  '■•OH 
|ico|)lc  lo-l  their  live-  in  t t;iii>|)oil  iiireriit'l  iieei- 
ili'iit>  tliMl  iimih'eil  lire.'  Tlii'-e  rnliilitie>  re- 
-iilleil  I'roni  iieeideiil^  of  two  tv|ie!-:  (i)  nil 
iin|i;n't -^iir\  i 1 iihle  erii>h  followed  liy  fire,  or  (ii) 
nil  ilidlitrlit  lire  tint  re,-ultec|  in  iiii  lU’eidenl. 
Ilowei'er.  illnio-l  Inilf  of  tlie>e  f;lt;ililie>  ( I*- 
|)ereenl  ) were  jiidi^ed  iitl  rilmtiilile  to  the  direct 
ell'eet>  <d'  the  tire  it-idf.  It  i-  now  reeo^nized 
ill, 'll  the  |iriniiirv  eiin-e  of  deiilh  in  nio>l  lire>  i> 
the  ininihilion  of  ine!i|>iieiliil  inir  or  letlnil  (|n;in- 
lilie-  of  loxie  ir,-i-e>  or  Mnoke.  Thi-  i^  true 
whether  the  lii'e  i-  in  Mil  Mirernfl  eMhin.  n re.-i- 
dentiMl  hedrooni.  or  m hi^h-ri-e  eoniniereiM  I 
hiiildini;'. 

I■'irefnrhler>  mid  olher  roene  )ier>onn(d  were 
MWMi'e  id  the  loxieily  ol  eoinl in-l  ion  |iroihirl> 
lonir  hid'ore  it  wm- e-lMhIi-hed  -eieiil  iliciilly.  Thi'V 
oh-ened  llnil  nimiy  nneon>eion-  \ietini.-  or  Tm- 
iMlilie-  were  fonnd  in  MieM>  eoin|det(dy  nnlonehed 
hv  IlMlne-.  I ’o-l  niorlein  .-tndie>  eteiilnMlIy  eon- 
firnied  iIimI  ino.-l  of  I he~e  hilMlilie-  hml  inliMled 
-ntlieieni  i|IIMnt  il  ie-  of  eMI'hon  monoxide  (('())  to 
])rodnee  M IciIimI  level  of  cm  rhoxy  heino^ilol  lin 
I ( '( )l  III ) in  I he  I ilood. 

The  e;i|iMliililie.- of  the  forell-ie  | iMt  holo;i'i>l  Mild 
MinihlieMl  eheini-l  loxieolotrii-l  liMve  now  pro- 
iire-M'd  to  the  point  lliMl  they  imii  '■hou.  under 
I’.MVolMhle  eirelini-lMlire-.  tllMl  niMliy  of  the  vie 
linn-  vvho  do  -nller  iheiniMl  injuries  in  m lire  mic 
lir-t  ineMpMeilMled  hv  I he  loxie  eM-e-  they  inlnile. 
I’liMhle  to  remove  ihem-vdve-  from  ihe  oneomilur 
IlMine-.  ihey  then  Meipiire  their  ihermiil  iiimiIii-. 
Ohvioii-ly  lhi>  -eipleliee  would  not  neee— Mlilv 
Mppiv  in  Mil  MeeidelM  III  vvhieh  M liipiid  lilel  led 
tire  liM-  elilel'ed  I he  oeeupied  -pMee. 


'I'lii'  reeeiil  mv Mihihilily  of  more  Miphiiit iealed 
MiKilylieMl  leehnii|iie>  hin-  Mllowed  the  further 
delermiliMt  ion  tlnit  eheinieMi  eomponnd>  olher 
lliMii  CO  niMy  eontrihnte  >iirnilieMnl  ly  to  the 
loxieily  of  the  l•onlhn^l  ion  prodiiels  of  moilern 
noninelMilie  iiiMleriMl.-. 

The  recoe-nil  ion  llnit  hydroiren  eymiide  lII('.N’) 
w;m  M eond  iii>t  ion  prodiiel  of  nil  ro<;-eii-eonlMinilie- 
iiiMleriMls  prompted  Civil  .VeromeclicMl  limlitiile 
(C.V.MI)  seienti>I>.  in  r.»7<l.  to  look  for  the  tir-l 
lime  Ml  ihe  IICN  lewd  in  hlood  -pevdmeim  from 
vielinw  of  Mil  Mirel'Mfl  Mi'eidelll  involving  m |ur-l- 
el'M>h  lire.  It  VVM-  didinilvdy  e-lMhli-heil  lliMl 
IK'N  WM-  prew'iil  in  ihe  hlood  from  m'VcimI  vie- 
tinie  Ml  lewd>  ^renter  thmi  norniMl.*  m eon 

-ei|iienee  of  these  lindiiiLls.  we  iinderlook  M 
-vsleniMlie  -Indy  of  I lu-  inliMhilion  loxieoloey  of 
C( ) Mild  IIC\.  iisiiie  experiiiK'iiiMl  iMhoiMtory 
MiiiniMl-.  lo  e-lMhIi-h  Mime  liM-ie  ndMtioiiships  for 
these  two  hiti'lily  loxie  eiises. 

In  M -cries  id'  experinieiil-.'  we  delerniined 
the  inliMlMlioti  doses,  for  cMeh  "Ms  mIimic  Mild  for 
mixlnres  id'  the  two.  I lull  would  phvsieMlIy  in- 
eMpMeiiMte  Mild  lliMl  whiidi  vwMihl  kill  the  Mll'ino 
I'Ml.  W V mI-o  -howed  lliMl  wilhin  experimeiilMl 
errvir  the  niMeniliide  of  cMeh  elleetivc  i|o-e  wm- 
idenliiMl.  on  M per  e|',ini  of-lioily-weiehl  ha-i-. 
for  I'Ml-.  miee.  and  himiMii-;  ihn-.  we  e-lahli-hed 
M I'MiioiiMle  for  utilizing  expei'imeniMl  MiiiniMls  lo 
e'Min  iiiforniMtioii  I'oneeinine  hiiniMii  inhahilion 
loxieoloey  Ml  leM-l  for  I he-e  two  ea-e-.' 

I'env  seM'll  ralMlilie-  I'e-llll.il  tl'nlli  l||i'  lll'i'  I lull 
rellftWlM  ;i  er:(-ll  eli  UlkeniT  nl'  ;l  (';lliil.i|  I I tl  et‘1  IM I I'M  |;1 1 
Airvv.'iv-.  Ine..  In’  s mu  \nV  emlMT  L‘7.  IUT".  mi  Vlleliel'M-e. 
\Im-I,m 


'I’lio  FAA's  coiu’i'ni  al)oiit  tlu-  liazanls  a>so- 
cialad  with  ahvial't  fires  has  ivsiillcil  in  n'fruhi- 
tions  that  control  the  flainiiiahilit y eharaeterist ii  s 
of  all  iioiiiiietallie  material  used  in  the  eahiiis  of 
transport  aircraft.  The  lirsi  refiulat  ion.'  ap- 
l)eared  in  llMti,  and  they  hate  heen  npilated 
periodically  through  -May  lltTiJ.''  (’oncern  for 
liinitiiifr  the  tiniounts  of  siiiohe  and  toxic  cii.'es 
produced  by  bnrnin<;'  nmterials  resulted  in  the 
issuinjf  of  Notices  of  Proposed  KuleniaUin”' 
(NPKM)  in  these  areas  also.  As  a conse<iuence. 
the  Aviation  Toxicoloiry  Laboratory.  (WMl. 
nndertook  such  studies  by  niodifyinjr'  its  research 
task  on  known  mixtures  of  pure  oasi's  to  a pro- 
jrram  for  evaluating'  the  toxic  hazard  associated 
with  iidialation  of  all  the  airliorne  lu'oducts  pro- 
duced by  thermal  dejt'iadal ion  of  nonmetallic 
materi.ils. 

This  report  describes  the  authors'  approach  to 
a test  procedure  suitable  for  e\aluat iu”'  the  rela- 
tive to.xic  hazard  of  combustion  prodttets.  It 
details  the  desian  and  construction  of  such  a 
system  aiul  documetits  its  utility  by  tcstitia 
nircrnft  ca1>in  materials  atid  a'etierat ina  from  the 
resultant  diita  a relatiw  rankitia  of  those  ma- 
terials based  on  the  toxicity  of  their  combustion 
prodiK’ts  to  albino  rats. 

Data  contained  in  this  leport  are  derived  from 
otie  specific  set  of  laboratory  test  conditions  thiit 
niav  not  ade(iuately  reflect  conditions  in  a laryu" 
~cale.  uncontrolled  fire.  ( 'onseipietit ly.  the  re- 
ported data  alone  do  not  indii'ate  which  <d  the 
teste(l  materials  would  be  better  or  wor~c  lor  Use 
a-  ctibin  fiirtiishinas.  I hey  also  do  not  rellect 
wh.at  the  ov  erall  lev  id  of  sa  fet  \ miahl  be  iu  a 
cabin  coustrticted  of  such  materia!'.  I he  study 
iloes  show,  however,  that  for  whatever  conditions 
one  miii'ht  choose  to  accomplish  the  theruial 
dejjtradat ion  of  a svdection  of  uuitcrial'.  the  rvda 
tive  toxicitiv's.  for  the  rat.  id’  their  thermal  de 
comiiosit ion  product'  cati  be  ea'ilv  and  repro 
ditcibly  (|Mantitied  by  the  use  ol  'Ueh  a te'l 
system. 

II.  Syslem  Desijin  and  Consf lucfion. 

The  followiue'  eoucept'  were  ”iveu  pt'imaiv 
eoiisiderat  ion  in  the  desiirn  of  the  eombu-tion 
exposure  system  : 

,\.  The  total  volume  ~hould  be  kept  to  the 
minimmu  eommen'urate  with  conlainiuent  of 


n 


three  rats  in  separate  rotating  comparttuei.is. 
'I'he  minimal  volume  is  desirable  to  conserve  the 
i|ilantity  of  sample  material  needed  for  each  tain, 
to  simplify  the  problem  of  iiisurinyf  rafiid  and 
complete  mixino  of  a coiit ituiotisly  ehanoinjr 
atmosphere,  and  to  facilitate  the  disassembly  iind 
thorough  eleanitio  of  the  system  after  each  rtin. 

P).  .Vnv  material  wetted  by  the  combustion 
prodtii'ts  should  be  as  inert  toward  them  as  would 
be  priictical  consideriuir  cost,  availability,  tmd 
ea.se  of  const ruct ion. 

( ’.  The  heatiiiL^  ree'imen  to  which  the  satufjle  is 
e.xposed  should  be  re|U'oilucible.  ol  suflicient 
maii'tiitude  to  itisure  eoiuplete  thermal  degrada- 
tion id’  all  oi'e'atiic  components,  atui  of  a type 
that  would  encompass  heat  tratisfer  by  both  con- 
dtiction  :ind  radiation,  as  does  a real  lire. 

1).  'I'he  thermal  degradation  process  should  be 
ventilated  sullicieutiv  to  maititain  ati  lerobie 
atmos|)here. 

K.  The  evolved  thermal  deirrailat ion  products 
should  be  immediatidy  eoudiicted  into  the  animal 
<>.\posurc  space  by  the  'liortest  practical  path  to 
mitnmize  loss  of  volatiles  by  condeii'at  ion. 

!•'.  The  temperature  (d’  the  animal  exposure 
chamber  should  never  reach  a value  that  would 
sie'iuficant  ly  compromise  the  atiimal  response 
t iuies. 

(i.  Oxvoeli  concent  rat  ion  in  the  expo'Ure 
chandler  should  be  maititaitied  above  '-to  pei'ceiit 
of  the  normal  auduvait  parti.al  pres'ure. 

II.  The  maximum  duration  of  ati  exposure 
should  be:  (1)  'O  'vdeeteil  that  the  mct.abolic 

production  of  carbon  dioxide  bv  three  'urviviim' 
atiimal'  would  tmi  i-esult  iu  a eouceiit  rat  mu 
ij'i'ealei' t hati  'i  percent:  till  'Utlicieiitlv  'Imn  that 
anv  metabohe  deloxiticat  |ou  ol  a to.xie  specie' 
Would  decrease  it-  potential  elleet  b\  a Ueclili'ible 
peleelitace.  I ill  I 'bol  l elioiicli  to  allow  a iiiitil- 
liiillii  of  six  expel  lliielit ' pel  dil  V pel  tC'l  sy~teiil. 
and  I iv  ) loni;  eiioiieii.  con'idenni;  the  precision 
with  vv  bleb  animal  lespoli'C  t iuie~  could  be  repli 
call'd,  lo  cive  a miiiimiim  of  live  t lieoiet  iea  I ly 
imii  ovellapplli”  le-poii'e  lime  laiiec'  llor  ex 
ample.  ' mill  ■ 'J  and  bj  mill  ■-  would  be  two 
iiiii'iue  lance-  I'l  li  lo  |o  min  and  1"  to  II  nun). 


J 


It  miii'lil  lie  iippfiiiu'ititc  :it  this  point  to  chirirv 
a fclat ion>hip  lictwci'ii  a t(>>t  >y>t(‘in  ami  llic  "I’l'al 
woflil."  In  tlu‘  conti'Xl  of  an  imliviilnal  napped. 
(‘\en  llioitirli  only  momentarily,  iti  a >paee  filled 
with  -moke  ami  to.xie  e.a-e-  i;-enerated  liy  a lire, 
one  miiiht  feel  that  even  a 10-tnin  exposure  to 
-tteh  an  en virotimetil  repre-ent-  an  imrealist  ieally 
leiif^tliv  dwell  time.  I’artienlarly  if  the  "-p.-iee 
were  a liiirniny  aireraft.  one  ndydit  feel  that  the 
time  availahic  foi’  e-eape  or  -ilece-'liil  re-eim 
would  lit'  only  a minute  or  two.  eertaitily  not 
't>  min.  .\s  it  eon-eipmuee.  it  miirht  -eem  only 
loirieal  that,  in  an  experimeut.al  te-t  -y-tem  de- 
signed to  evaluate  the  toxie  properties  id’  I’om- 
hii-tiou  ya-e-  released  from  hiiruitu;-  aireraft 
furui-hinos.  the  duration  of  exposure  to  the 
hazardou-  ent  ironment  he  limiteil  also  to  otdy  a 
\i“rv  few  minutes  in  order  to  he  eon-i'tent  with 
reality. 

I-et  u~  examine,  however,  the  nail  purpose 
of  the  lahoratory  te-t  procedure.  'I'he  ohjeetiie 
i-  to  mea-ure  tiu'  acute  toxicity  of  a mixture  of 
pyrolv-i-  product-  from  .Material  and  compare 
it  to  the  toxicity  of  the  jiiodiict-  from  .Material 
r>  and  ( '.  I>.  etc.  If  one  pos-e— ed  an  in-lrn- 
ment  into  which  each  of  I he-e  aa-  mixtures  could 
he  introduced,  that  would  produce  for  u-  a 
■■toxicit\  numher"’  such  as  1000  for  .Material  .\. 
Olo  for  .Material  l>.  and  liJ-'itt  for  .Material  (’. 
there  would  he  no  prohlcni.  M’e  could  accept 
that  .\  is  lit  percent  hotter  than  H.  and  that  ('  i- 
c.'i  percimt  better  than  when  eipial  weiahts  of 
the  three  were  thermally  decomposed.  1 here 
would  ho  no  ooiifusion  or  concorn  ovoi’  the  fad 
that  till’  in-trumont  "-ponl"  1^  -ooond-  jiorform- 
ina'  oach  aa-  mixtnro  analy-i-.  I'horo  would  al-o 
ho  no  omicorn  that  t ho  'iaidlicanco  of  llio  'tatod 
rolative  toxicitio~  miaht  ho  moaninale—  hooau-o 
tho  (ptantity  id'  toxic  aas  mixtnro  uiili/.od  for  iho 
alialv-i-  would  have  no  ell'eot  ou  a person  il 
totalh'  inhaled  or  liken  i-o  e\on  if  il  woi’e  -iif 
licioni  to  proM'  fatal  in  do  -('oond-.  I lio-o 
paramoloi'  are  no  more  related  to  the  -ianilicanco 
of  tho  analytii-al  ro-iill-  than  wim  the  lime  ro- 
iiuiivd  for  the  aualy-i'. 

In  the  pro-oni  ca-o.  po — o-'ina  mi  -uch  I''--oc 
iiMrumonl.  our  iml  rumoni -of 'ocoud-choice  i- 
I ho  alhino  rat.  Iho  ha-i-  for  the  analytical 
moa-uroini'iit  i~  an  oh-orvahlo  oiled  on  inloaralod 
hioloaical  aciiiilv;  the  anahlical  ro'iill  i'  the 


duration  of  the  exposure,  m unit-  o|  tone.  Irom 
initiation  until  the  de-ireil  hioloaical  (died  i- 
prodiioed.  This  interval  i-  the  lime  il  take-  oitr 
"in-trumont"  to  make  an  analysis  of  the  iiolonoy 
of  tho  aas  mixture.  Il  i-  al-o  the  (|uanl  itat  ivo 
anaivlieal  re-ull.  analaaous  to  the  "loxicily 
numher"  output  hy  tho  lir-i  in-trumont.  Like 
the  IS-soc.analysi-  lime  and  the  re-ullani  toxicity 
numher  from  the  lir-l  instrument,  the  re-pon-o 
lime  of  our  "mammalian  iimtrumeul"  ha-  no  di- 
rect relatioii'hip  to  either  e-cape  or  survival 
lime-  in  a tire.  It  is.  howex’er.  a (|uanlity  that  i- 
related  to  loxicily.  and  hy  which  dilloiamt  a-'' 
mixture-  can  ho  rated  relative  to  each  other,  and 
one  whose  actual  rim  ho  limited  more- 

or-le—  hv  the  proper  choice  ol  other  parametric 
value-,  to  an\'  ranae  desired  hy  the  exporimeulal- 
isls  that  would  -ali-fy  the  four  criteria  listed 
init  ially. 

I.  Tho  onliro  -y-lom  -hould  ho  a closed  one  to 
minimi/.!'  the  ipiantilv  of  -ample  material  ro- 
i|ulred  for  a aiven  aidmal  re-pon-o  lime.  In 
contra-I  lo  a conlinuoii-  llow-l hrouaii  -y-lom.  ihi- 
a)))iroach  would  also  allow  au\  docompo-ii ion 
products  that  miaht  ho  pi'oduood  onlv  o\cr  a 
short  iulorval  of  lime  to  ('xort  their  proper  toxic 
potential  relali\’e  to  llio-e  product-  that  arc 
formed  at  a -lower  rale  and  over  a lonaer  period. 

III.  Maleiials. 

.\.  /////irifx,  TIu'  lahoratory  alhino  rat  wa- 

-oloolod  for  iho-o  studios  for  the  followiua 
roa-ou- ; 

1.  ('omonieni  -i/.o  l-mall  eiiouah  to  work 
with,  laia’c  ououah  i"  furni-h  ado'|Uale  hlood  and 
other  ti--iu'  -pocimou-  for  palholoaical  workup). 

Uoadil\  avaihihlo  at  r('a-ouahlo  oo-l. 

■ .'-iauilii’ani  amount  of  prooxi-lina  toxico- 
loaical  and  phv-ioloa'ical  data  availahio  in  the 
literature. 

I,  The  experli-e  of  the  author-  in  conduct 
inir  experiments  with  I hi-  animal  specie-. 

.VII  animal-  were  male-  of  Sprayuo- 1 )a wley 
orio'in  and  were  ohtained  Irom  ( harle-  Kivei 
llreedinir  Lahoratorio-.  VV'ilmiuirion.  Ma— achu- 
-cits.  They  were  oidorod  at  a weight  ranee  ol 
loo  to  pjo  e and  wore  hohl  in  i-olation  in  mo 
fai'ilitv  for  wk  prior  lo  u-o.  < )n  .arricil.  ap 

proxinuOoly  1 rat  in  to  wa-  -ticriliood  and  in 
-|iootod  for  pulinouaiv  pallioloey  that  miehl 


pr 


;iltVci  ii>  iv^iHiiiM'  to  inliiik'<l  No  sliipiiicni 

ivciMvi'il  iliirin,-  tki^  sliuly  hail  lo  he  raji'clcil  I'or 
|irci'xi>t  ill'.''  pal  lioloirv  : howtocr.  a>  a pi'ccaiil  ion- 
arv  iiicaMm'.  tliay  wcra  all  maiiilaiiu'il  diii'iiii;' 
lilt'  lii>l  week  of  ixilalioii  on  diinkiii'i-  water  that 
eoiilained  1 o/  of  r-iil  fal  hia/.ole  per  eaeli  d i;al 
( approxiinalely  l.d  ”■  L).* 

After  the  >eeond  week  the  rat'  were  nio\ed 
from  the  iHihitioii  i|ilarler>.  Tho'C  to  he  ii>ed 
(hiring  1 ilayN  operation  were  fa-ted  oM'i'idii'lil 
'o  that  all  would  he  in  an  eijni\alenl  melaholie 
>tate.  .)ii>t  prior  to  ii>e.  each  animal  wa>  weighed 
and  coded  with  a color  mark  on  the  lu'ad. 

l’>.  Tt  xf  Mdtii-idix.  The  i-nhjeel  matiM'iak  that 
were  e\ahialed  in  lhi>  >lndy  were  ,'iipplied  liy 
the  h'AA  National  Aviation  I-'aeiliiio  Kxperi- 
mental  ('enter  (NAI-'K(').  Atlantic  City.  New 
.ler>ey.  All  maleriak  had  heen  ]lre\ion^ly 
le>led  liy  llienr''  and  were  >hown  to  po>>e»  the 
llammahility  eharaeleri>l  ie>  rei|nired  hy  the  h'ed 
eral  Aviation  Ki'e'iilal  ion>  (I-'AK)‘  for  their  ii^e 
a>  tran>porl  airei-afl  eahin  material'.  .Many  ol 
the  material  may  he  found  in  ii'e  lai  enrreni 
model'  id’  the  widediody  eommel'eial  jet  Heel. 

The  ,'anie  material.'  were  al'o  the  'illijeet  of  a 
eonenrrent  .N.\I''I';C  'Indy  in  which  each  material 
wa'  to  he  thermally  ileeompo'cd  and  the  evolved 
pvrolv'i'  pi'odnet'  analy/ed  for  nine  toxic  e-ii'C'.'" 
.V  eomplele  dc'eriplion  of  the  material'  i'  in- 
elnded  a'  .\ppendix  li. 

l''ol  lovvini;'  receipt  of  the  material'  1 rom 
N.\I'’K('  they  were  kept  in  re'calahle  polyelhyl 
eiie  haL’’-.  I'or  lhi‘  iJldir  period  preceding'  Ic'lin”' 
each  material  vva'  eundilioned  in  a eon'Iani 
humidity  ehaniher  maintained  at  •'iii..i_l  )>eieenl 
relative  humidity  at  room  lemperainre  ( 'di;  -d  I 
(■).  The  'ample  '|ieeimen  vva'  then  eiil  into 
'inall  piece':  in  the  ea'C  of  'ome  ol  the  eompo'ite 
material'  and  the  mole  deii'C  phi'l  io.  a 'iiiall. 
powered  hohhv  ~avv  (model  'o  d.  |)reniel  Mid. 
('ll..  Kaeine.  Wi'C.)  vvii'  ii'cd  for  ihi'  piirpo'C. 
.\  il.T.'i-e-  aliiinol**  of  llic'e  piece'  vva'  then 

Su I 'I'hi -/»»).  .Mi'ivK  < ’iM'iiiicMl 

hi\Ki*>ii.  KfihUiiN. 

’^'“'rhis  w rikTlil  '*r  >jnti|.li'  ji  rurl-l";Hl  \ ■•liinn- 

rjiii"  •’!’  mu"  I..  ;iml  vf|»r|.  «l  U'*  llir 

llml  ■M-rjinc|  UIm-Iv  llic 

i)i-*lrilMitinii  jiiiM.hu  rf'jM.tiv.*  lim.'*  t'-'r  iiM'-t  "T  ih»-  nih 

lliiil  i*tn’  miulil  Whiit  t*.  h'"!. 


vveic'lied  lo  a H.l  me'  aeeiiraev  and  placed  in  the 
appropriate  'ample  hoal  for  iii'erlion  into  the 
fiirnaee. 

('.  Coi/ihiixt/od  I'ln/dKi.  (fnrehoiee  lor  <i  heal 
'Oiiree.  hii'cil  on  the  eoii'ideral  loti'  dc'crihed 
ahove.  vva'  the  eomhii'lion  liihe  liirnaee  ((  11')- 
The  (’TF  olfer'  the  following  advanlae'e': 

I.  .V  eonihinalion  <d'  radiant  hikI  eondiielive 
heal  transfer. 

d.  .''iniple  eoii'i  riiei inn  of  total  eomhii'lion 
'V'lelll. 

di.  Simple  and  rapid  ini rodiiel  imi  ol  Ic'l 
'peeimell'. 

1.  l-iii'c  of  'ample  i|iianl  ilal  ion. 

.'i.  Krnninalioii  of  prohleni'  with  'ample 
melt  iiid'  and  drippiiid. 

ti.  .M  iiiimi/ed  heal  Iraii'fer  to  the  animal 
ehaniher. 

The  'peeilie  CTF  il'cd  in  ihi'  'Indy  wii'  a 
l/indhei'd'  model  .'*lddd.\.  with  a model  .i'.i-»l! 
eonlroJler.  that  would  aei'ommoihile  liihc'  to  a 
maximiim  diameter  ol  .'i.os  eni  Id  in).  hen 
d..M  -cm  ( 1 - in  I l llhc'  were  Il'cd.  I hey  were  cent ered 
eoneeiil  rieally  within  the  liealei'  hy  mean'  ol 
a 1 11  III  I nun  I phitC'  mounted  at  each  end  ol  the 
fii  rnaee. 

I’rior  lo  each  Ic'l  the  fiirnaee  vv.-i'  preheated 
loCid.'i  Cal  I he  eoni  roller'' 'eii'iiid  element  ( 1 ree 
air  lemperainre  in  the  middle  id  the  upper  heal 
iiid  element).  Thi'  rc'iilled  in  a htto  ('  tern 
perainre  at  the  point  of  eoiilaet  helvveeii  -ampie 
hoal  and  IC'l  material  at  the  rei|iiired  veiilihilion 
rale.  I’lie  furnace  eontroller  would  then  main 
lain  thi'  leiiiperal  lire  vv  it hin  1 ( '. 

'I'he  deeiiiiipo'it  ion  lemperal  me  of  tioii  ('  wa' 
'elected  after  eoii'iderahle  le'liiid  ol  varioii' 
healiiid  redimeii'  that  raiided  1 rom  hHI  ( to 
.s.'iil  (':  noil  ('  i'  ahove  the  linal  dei'ouipo'il  ion 
lenii>eraliire  for  all  material'  in  the  'tndy.  a' 
determined  hy  I hernioura  V i met  lie  analv'i' 
lT(i.\)."  and  represenl'  an  eiiv  ironmeiil  to 
vvhieli  any  material  in  a teal  lire  would  he  'iih 
(eeled.  ,\1'0.  ally  material  that  reaehe'  a leiii 
perature  ol  noo  ( wtmld  have  pa"ed  through 
all  lemperainre'  helvveeii  amhieiil  and  <100  ( '. 
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1).  rt  Chiniihi  r.  I lu'  iiiiiiiuil  (‘Xposill'c 

mill  lolinir  cliiimluT  iiic()ri>oi'miMl  llio'c  consiil- 
iTiilinii'  iml'iiicd  cmlk'i’.  Il  i>  >hmvM  ili:i”'nilii- 
mill  ii’iillv  in  l•’iJrlUV  1 mnl  ili’M-riln'il  in  dnlnil  in 
Aliinmdix  A.  1 iimirull \ . il  i'  ii  I’lnxi^rlim  Ihix 
conliiinin^'  ii  i lif(‘('-c<im|iii rl  mcnl  mi)tor-di  i\'i‘n 
i'Xi'ri'i>t‘  wheel  iind  l\io  Inns  I hill  iieenmi>lish 
i ii|iid  mixine  nf  I he  ehninher  ill  niosjiliere.  ( )lie- 
ineh-diiimelei-  n|ienin;;s  ill  diiienmil  emneis  cd' 
one  I'liee  -el'l  e ils  |mrl'  I'm'  conneiiine  I lie  ex|)n- 
'iire  iind  ei mil iii'l  inn  'Vslenis  wilh  ii  eondiiil  lor 
i-onl  iniioii'  reei iTiiliil  ion  helw  een  ihe  I wo. 

sample  line 
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I'll. I 111  1.  I 'iiiuiTi leieiil le  riTii'i'-i’iiIiil  i"ii  "I  uveriill  enie.- 

liU'l  il  ilee\|iii'lire  llli.il.'  I ilTI  I s,'  -I  I '1 11. 

Nnniei'oii'  'iiiiill  o|ieniliiis  wilh  -iliroiie  riihher 
|iliiO'  or  -e|iiii  ino'ide  lor  in-eriioii  ol  ihernio 
collide-,  "illidriiuiil  ol'  111  ino-|dierie  -iilii|de'.  or 
illl  I'odil'  t ion  id'  li'll-e'-  I'roni  I he  exterior. 

The  loliil  '(dllliie  of  the  lilllll  'V'lelil  i'  I'-’.l'  I-: 
ihi-  inelilile'  the  \ohime  ol'  the  (diiiiiiher.  eoniieiT 
iiic’'  -.-'ll  eiii  (I  in)  eiiiidiiil-.  iind  the  eonilm'lion 
liihc'  minus  the  'oliinie--  ol'  nil  inlerior  solid-. 
The  lilllll  lirrure  "ii-  nrriied  ni  l'.\'  diliiiion  rniio- 
I'or  known  '■oliime-  o!  |iro|inne  ihni  were  injeeled 
into  I he  elo-ed  -\-lem.  nlloWed  lo  mix  lo  ei|iiillh 
I Him.  nnd  then  ntinU  xed  l.\  en-  rhromiilo”rn|ihv. 


K.  V < iihhil  Kill  i'' i/xli  III . \ eontimioiis  reeir- 

i-iilnlioii  ol'  iiTi-es  helween  the  e\(io-iire-c'imhii'- 
lion  svsleiiis  -ened  lo  mninlnin  iin  oxyirennled 
111  liios|diere  in  the  /.one  ol'  neli\e  ihermnl  deeoni- 
posiiion.  move  the  deeom|io-il ion  iirodiiel-  oiii  ol 
the  I'lirnnee  nnd  into  the  exposure  ehninher.  nnd 
diliile  mill  cool  I he-e  prodilels  helow  iheir  lliim- 
midde  eoiieeiil  iTil  ion-  nnd  lln-h  poini-. 

Icxperinieninl  in 'e-l  iiiTil  ion  ol'  the  ell'eel-  of 
'■iiniii”'  I he  reidilnlion  rule  -howed  the  iieeeiit' 
nhle  limils  to  he  I nnd  7 I.  min  I I, pm).  Helow 
1 Hpm  the  oxv"en  in  the  imnihii-tion  /.one  wn- 
depleled  sienilieiinl ly  nnd  the  hoi.  eoiieenl rilled 
liTlses  tended  lo  io'iiile  nnd  or  explode  ii-  they 
lid't  the  I'lirnnee  nnd  mixed  with  the  oxygen  dil- 
I'lisiiiiT  hnek  I'l'Olii  the  ehninher.  .\hove  i Hpm 
the  rnte  of  hent  irniisl'er  re.-iilled  in  n ehninher 
temperni lire  of  Id  <’  in  in  min.  which  wns  eon- 
siilered  I'Xeessive. 

W'e  helieve  n \(‘iit i Ini ioii  rule  of  Ii  I, pm  is  ideni 
(in  our  system  1 : howe'er,  the  tests  reporli'd  here 
were  neeomplished  wilh  n Ilow  of  I l.pni.  'I  hi- 
-lieht  eonn'romise  wn-  de-irnhie  in  order  llint 
relnled  tests  heinct  done  nl  N.\l‘l',(  would  eor- 
ndiite  "ith  onr-.  for  they  found  il  wns  impo-sihle 
lo  iiceommodii te  ii  lion  ^tro.'iler  llimi  I l^pm 
Ihroiiah  their  nnnl\ t ieni  -iimpleis.*' 

The  eonlrolh'd  \enliliUion  wn-  neeomplishi'd  in 
onr  system  wilh  n mriiihle  -peed  hlower  (.’^('JT 
eont  rolled)  nnd  n -mnll-dinmeler  oritiee  moiinled 
inline  nnd  do'viislrenm  from  the  hh-wer.  I'or 
detnils  see  .Vppendix 

[■'.  l,'ii.i  Aiiii/i/xi'.^  Si/.\f,iii.  ^^■e  fell  il  wiis  de- 
-irnhle  lo  e'TihinIe  the  eoneeni  nil  ioii-l  ime  eonr-e 
of  eerinin  eoiiihii-l  ion  prodiiel-  Iind  ol  oxya'en 
diirina  eneh  experimeiil.  I heridore.  iin  nniilyti 
enl  enpiihilil'  wn-  iiieliided  in  the  le-l  system 
ihiil  nlloMed  the  periodic  meiisiiremenl  of  ehnm- 
her  eoneeni  rni  ion-  of  t 'I ).  IK'N.  oxyaen  |().). 
nnd  eii  rhoii  dioxide  | ( I ) ■ ) . 

I n formni  ion  eoiieerniiia  I In'  eoneeni  rut  ions  ol 
( '(  I nnd  IK  'N  wn-  eoii-iilered  imporinni  for  two 
reii-oii-;  (i)  .Mnny  in\ e-l  ianlor-  feel  ihni  these 
two  ail'es  iii'i'  'he  most  imporinni  of  llie  eomhlls 
lion  product-  from  n toxic  hn/.nrd  -Inndpoinl  : 
I ii  I ( )ur  lire'  ion-  del  I'lnii  I ill  I ion  of  t he  inhnini  ion 


Till'.'  iilliiiiiilel'  n 
I'lirl  Ik  r.  mill  I lieir  itiili 


'll  Hie  'ellliltlliiill  ITIli 
I- illeetell  111  - l.l'lll. 


il("(>  Ilf  carli  1)1'  ilii'M'  iliiil  womM  jii.'t  r(‘)-uh 

ill  iiicuiiat'iliit i'll!  or  ilcaili  uoiilil  allow  ii>  lo 
calciilali'  till'  I'oullaiil  iiilialal  ion  iIom‘>  ainl  ili‘- 
ti'i'iiiiiu'  wlictlii'i'  or  iiol  tlicM'  two  i!'a'>'>  weir 
^oli'h  ^l','|)oll^il lit'  I’or  I he  ol^crvcd  animal  rr- 
>|ioii'r  liinr.'.  It'  lln'\  arc  not.  ihcn  oli\ioii>lv  al 
lca>t  a lliird  coniiioncnl  coni  rilmlcil  >i:;nilicanl  I y 
to  ihc  lolal  toxicily  of  the  coinlnmt  ion  (iroilncl^.* 

(ia.'  analyM','  wm-c  acl•))nl|lli^hcll  wiili  two  c;i> 
^•hrolnalo,l;■ra|llc-  ((i(')  ci|ni|iiii'il  with  anlonialc)l 
”'a>-.--ain|ilin^'  \ al\  i‘>.  I'hc  >ani|ilc  loo|i.--  ul'  l hoc 
\ahc>  were  coni  iniioii>ly  |)nrc(‘il  with  a cii.- 
'ireani  |)iiin|)C(l  from  the  cxpoMirc  chanihcr  via 
t’).:l-mm  Saran  Inhino.  ihroiiyh  the  .'ani|ilc  loop-, 
ami  hai'k  into  the  I'hanihcr.  'I'hc  pump  ( h'lniil 
Mclcrini;'.  Inc..  ()y-li‘r  Ihiy.  ,\  ^ ) cxpo-cil  the 
”11-0  to  only  I'cramic.  Tclloii.  ami  >iainlc>,--  >iccl 
ami  I Ini'  minimi/.cil  react  i\c  looo.  \\  llxol 
iniciaal.'  of  lime  I hi'  l■onlcnl^  of  I hc'c  'ample 
loop'  were  injccleil  into  the  ti("^  ami  the  rc>nll- 
anl  c|iromato”rani'  ili'playcil  on  strip  chart 
rccorilci's.  One  (!('  was  niili/.cil  for  the  ilelcr 
minalioii  of  IK'N  only:  the  other  measiireil  the 
reniaininir  itfascs  ( ( ).  ().  ami  ('().  (hamlier 
IK'.N  I'oneenI  rat  ioii'  were  measiireil  e\ery  t!.-'' 
min;  ( '( ) ami  ().  were  measiireil  al  l.'.t-niin  inter- 
lal't  ( I)  'aniples  were  enlleeleil  iiiannally  in 
'Xrinoes  ami  anal\/.eil  after  the  experiment  was 
eiinipleleil. 

The  freipieni  niea'iireiiienl  of  the  ()  eoneeii- 
I rat  ion  in  the  ehamher  alloweil  iis  to  make 
niaiiiial  aihlilioii'  of  a ipiaiilily  of  pure  ().  'iil- 
lieieiil  lo  niaiiilain  the  ehamher  at  heller  than  '.m 
pereeiil  of  the  normal  amhieiil  partial  pre'siire. 
The  ti('  ii'Cil  for  eyaniile  analy'i's  wii'  a 
Shiniailzn  moilel  kl!-l''  iilili/.iim'  a '-’.l-nix  I iiim 
o'lass  eolimm  of  I’orapak  (J  ami  wii'  eipiippeil 
with  a rnhiilinm  siilfale  iherniionie  ileleelor  ol 
oiir  own  ile'ion.  .Nilrom'ii  was  the  carrier  ea'. 

The  'ceoml  ( i(  ' WII'  a ( arle  moilel  ^niMt 
ei|iii|ipeil  with  a h.-'  Him  'iliea  oel  eolnnin  fol- 
lowei,  hx  a .Moleeiilar  .'siexe  'i.X  eolnnili:  helimii 
WII'  the  I'lirrier  oii'.  The  onlpiil  signal  I'roni 
a thernii'tor  ileleelor  xxii'  paralleleil  to  a i xxo- 
ehannel  'Iripeharl  reeoriler.  Thc'c  Iwoehamiels 
xvere  operaleil  al  clllleienl  a 1 1 eliniil  ion  lexel';  one 

A lll■laj|l"l  aei-ciiiil  "I  llie  l•l■'llll'  "I  tile  L'li'  aniili'i''. 
Illnl  llie  e.'lieill'iiills  lle|■i\l■ll  1 1 leo  ■ I 1 1 ini,  will  I >■  Itle  'III' 
ieel  III'  II  'll|i'ei|l|i’|il  I l|li I XlillliiHI  .Xleilii  ili.  |;..|im|  I. 


xvas  seleeteil  lo  yixe  a fiill-'i  ale  |ire'enialion  for 
the  oxyeeii  eoneeni  rat  ion  in  anihieiil  air  1 1 he 
nilrooeii  peak  xvas  alloxveil  lo  mi  ollseale):  the 
other  was  ailjiisleil  for  a fnlhseale  response  lo 
the  expeeteil  ( '( ) eoneeniralion  in  the  ehamher. 
The  seeomi  eohiimi  in  the  iwo-ehamiel  ( arle  wn' 
a o.Li-nim  X l.Ml-m  I’orapak  (^  eolnnin  lhal  xvii' 
iisei  I for  ( ( ) . a nil  lysis. 

(i.  . I/i). /■)/// ))//)  o]  ‘III  h ■!' I'linn  I'l . ink- 

ill”’  into  aeeoiinl  I he  principles  oiillineil  in  .''ee 
lion  ll.ll..  we  'eleeleil  a niaximiim  expo'iire 
perioil  of  oO  min.  al  which  lime  ihe  expeiinienl 
xvas  lerminaleil  ami  any  siirxixilio  aiiinial'  xvere 
relnriieil  lo  their  eaoe.'  ami  oli'crxeil  fo|-  a periml 
of  1 1 illIX'. 

1 1 w as  I lei  ermineil  experimeiila  I l.x'  I ha  I the  ( '(  I. 
proili.M'il  in  till  min  hx  three  nils  in  our  'X'leiii 
iiexc  exeeeileil  a eoneeniralion  ol  •'  pi'i'eenl 
(X-  X ).  W'hh  ho  min  im  a limit,  one  has  no  ililli- 
eiillx'  in  eomplel  iny  six  experiment'  per  ila.x. 
.M'o.  iisino  a maximum  re-ponse  liiiu'  ol  ho  min 
proxiilc'  'i\  le'poii'e  ea  1 eyorie'.  each  with  a ■ h 
min  raiiye  ih  ■ h.  ;i  h.  l.'i  -h.  -ji  h.  uml  l'i  ■ h 

min);  il  aeiiiall.x  prox  ii  h"  'i  x eii  eal  eooi'ie'  i f one 
call'  "no  re'poii'e  in  ho  niin  ” an  in hlii  lona I eale- 
o'lirx . Iilealix'  once  ihi'  maxinimii  ixpu'iire  lime 
hits  heeli  'cleeleil  il  xxoiihl  he  ai'hlexeil  experi 
iiieiilallx  hx  'I'lei'iino  a fuel  loinl  I"  he  ii'cil  lor 
all  experimeiil'  lhai  i;axe  the  hc'l  ili'lrihmion 
of  re'poii'e  lime'  oxer  I In'  elillle  laimi'  ol  hil 
min.  To  iii'iire  ihis  one  xxoiihl  haxe  lo  preii''i 
all  nialerial-.  po"ihl\  al  sexi'i'.'il  wemhl'  of  liU'l 
loml.  X\  e rompniniiseil  hx  prelc'iiim  111  ma- 
terial' lhal  we  fell  xxoiihl  'pan  I he  full  loxieiix 
raiio)'  ami  -ehs'leil  a liiel  loa)l  ol  o.,.i  o pir  an 
elielo'Cil  X ollime  of  I'J.li  lllel  '. 

IV.  Test  1’ meed  me. 

Ihe  'Cipieiii'e  ol  operalioli'  lor  eomliielnm'  an 
expo'in  e ex  perinieni  xxa'a'  folloxx-: 

Three  fii'leil.  male  ral'  were  I'olor  I'oileil. 
xveioiieil.  ami  phn'eil  in  ihe  nilalinn'  eai;'e.  "lie  lo 
a I'ompa  rl  meiil . Ihe  pri'i'omlil  iolieil.  xxeii;hei| 
ii''l  nialerial  xxa'  plaecil  in  a -eimex  limirieal 
irlii"  -aiiipli'  I'oal  niinie  hx  eiillini;  a e,iio.|inn\ 
1^-niiii  liihi'  aloii"  a iliaim'li  '.  The  nialerial  xxii' 
po'llioiieil  111  ihe  hoal  'o  lhal  II  xxoiihl  he  in  ihe 
miihlle  )if  the  hoi  /one  XX  hen  phceil  in  I III  pre 
healeil  furnace. 


If  llu'  iiiiilcriiil  to  III'  li'i-ti'il  wiTi'  oiu'  111  till' 
fiiiiiii'  III-  till'  liiilliy  iii.-iilaliiiii'  a sain|ili'  liil'i'  'vai- 
>iili>l  it  nil'll  fur  till'  ^alllIlll'  liiial.  Siiiri'  ilii'M'  ari' 
low  ili'ii^ily  mati'i'iaU.  a ii.T*?.'  miiii|iIi'  wmiM  till 
llii'  I'liiiilni'liiiii  mill'  if  it  wi'i'i'  ll^l^il ioni'il  aliniy' 
a I'lii-iiiiii  li'iii;lli  Ilf  an  o|ii'ii  Imal.  'I  lii>  ivonM 
Muck  the  tliiw  Ilf  air.  Tlicri'forc.  all  fnain 
'ani]ilc>  were  cni  inln  1-cni  cnln"  ami  |iackcil 
into  a •Jiiii-min  Icncili  nf  L'km>  iiilic  (!■''  mni  in 
iliatiii'tcr). 

The  in^nlaliiiTi  materials  were  iiaekeil  in  the 
Inlie  ariimiil  a eeniral  li-nini  iiliiss  mil.  \\  hen 
the  riiil  w;i>  wilhilrawn.  jii'l  hefore  |)nsil  inning- 
till'  >am(ile  Inhe  iiisiile  the  eiimlinsl  inn  Inhe.  the 
>till'ne-s  Ilf  the  material  mainlaineil  the  niieii 
ehamiel.  No  ehannel  wa-  rei|iiireil  with  the 
fiianis  heeaii'i'  they  melletl  ihiwn  In  leave  an  air 
|ia'-ai;v  a-  -nun  a-  ihey  were  in-erleil  in  the  liHH 
( ' en\  i rnnmeni . 

The  eane  wa-  lilaeeil  in  the  ehamher  ami  enm 
neeteil  In  the  drive  iiinior.  then  the  ehaml'er  end 
jilale  wa-  hnhed  in  place.  All  I hermnennple-. 
-ample  line-,  and  the  nierhead  pre — me  lent  line 
were  in-erled  ihmiiLdi  I he  prnper  purls.  I he 
rei'irenlal  inn  inhe-  were  enniieeled  Innelher  and 
the  mixiiiir  fan-  Inrned  nn. 

When  e\ ervi  liiiiij;  wa-  in  phiee  and  the  three 
nperainr-nh-eri  er-  were  readl.  the  ennilinslinn 
Inhe  wa-  npetied.  the  -ample  hnal  was  in-erled. 
the  -v-lem  wa-  teein-ed.  and  a nia-ler  -witch  was 
ihrnwn.  This  -witch  inrii-  mi  everylhinn  -ininl- 
laiieiin-Iv.  inelndiii”'  a di"ilal  elap-ed-lime  imli- 
ealnr  and  the  liniiny  device  fnr  nperaliiii:  1 he 
ant all'll  ( l( ' -amplinn  \ alve-. 

■I'he  per-nniiel  aeiivilies  diiriiin  the  run  were: 

( )ne  nh-er\ed  the  animals  and  iinled  the  linies-ln 
ineapaeilal  inn  |l,)  and  i ime--ln-deal  h It,.):  niie 
mnniinred  the  <d'  present  at  inn  nf  ehamher  n\y- 
nen  eniieenl  rat  inn.  tidded  iiNiyren  In  the  ehamher 
will'll  iieee— arv.  and  tniik'  syringe  -am|ile-  nf  the 
ehamher  at  mn-iihere  fnr  CO  aiialy-i-:  and  niie 
mnidtnred  the  -aiiipliiiir  and  1 1C  sy-tem  that 
mea-nred  IK'.N.  and  a— i-led  in  animal  nh-eria- 
t inn. 

The  lime  at  which  I'i-ihle  siiinke  lir-l  a|ipeared 
at  the  furnace  exit  was  reenrded.  a-  were  the 
liirK'  and  dnralinii  nl  any  i i-ihli'  llame-.  .V 
reenrd  wa-  made  nl  the  lime  at  which  an\  enti 
\nl-inii-  neeniTi'd  in  the  animal-,  their  t,  and  1 i. 


and  the  vnlnme  and  lime  id  all  nxyneii  addilinns 
In  1 he  system. 

Temperal tires  at  the  eiydil  I hernineniiples  were 
reenrded  aiil nnial ieally  1 hlniiirlinnl  tin'  experi- 
mi'iil  nil  a etilihraled  mnitipiiint  strip  ehart  re- 
enrder.  Tld-  ri'enrd  si'l'ved  as  an  indiejilinii  nf 
an\  heal  stress  impnsed  nn  the  animals  and  tilsn 
depieli'd  the  ellieieiiey  nf  the  itir-mixinir  fans. 

'I’he  heam  frnin  :m  aiiihei -leii-ed.  hifrli-ilileiisily 
lamp  (.'ininmnlive  ipiarl/.-haln"en  fufr  lamp) 
enlild  he  diri'eled  dnwn  thrnnnh  the  top  nf  the 
ehanihei'  tn  imprnve  visual  nh-er\'atinn  nt  the 
tinimal-  if  sii;iiifieanl  i|iiantities  nf  siiinUe  were 
iri'iierali'd.  I'mler  the  eniiditiniis  nf  this  lest 
li.e..  aernhie  hiil  nnnllamiii"  enmhn-linn).  iiin-l 
nf  the  materials  pi'ndiiei'd  lillli'  sinnke.  itnd  then 
it  persisted  fni'  mily  ;i  few  mintiles. 

If  there  were  siiriiinis  after  !<•  min.  the  re- 
eil'elllal  inn  hlnwel'  w;l-  lliriied  ntl.  the  enmlllil 
tnhe-  remiived  frnm  the  ehanihi'r.  the  ehamher 
purls  -Inpperi'd.  and  I hi'  -ample  hnal  remnved 
frnm  the  fnrnaee. 

( )h-erv;il inn  nf  the  animals  enniimied  niiiil  all 
three  had  heenme  imapaeitaled.  at  which  lime 
eaire  I'lilalinn  wiis  -Inpped  In  siniplilv  the  la-k  id 
delerminiiiif  when  \ i-ihle  re-pirtilinn  had  eetised. 
which  we  reenrded  :ts  the  I...  hen  the  last 
Miiimal  had  expired,  the  Iwn  hiri^e  -Inppeled 
purl-  were  npeiied  In  rnnm  air  and  a third  pnri 
wa-  ennneeled  In  a v.'iemim  -niiree.  Ihmm  ;iir 
w.'i-  pnlled  ihrnimh  the  ehamhi'i'  In  lliish  niil  the 
nnxinn-  ,'iml  Inxie  na-e-. 

'I'he  ehamher  wtis  npeiied  hy  remn\  iny'  the  end 
plate,  and  the  rnlaliiiy^  citni'  wa-  reniii\ed.  '1  he 
animal-  were  immedialely  Inriii'd  mer  In  the 
l’alhn|nn\  Ke-eareh  I’llil  fnr  enlleelinii  nf  hinnd 
-ample-  and  p;it  hnlnnietil  w nrkiip.  .\ny  -nrviv 
nr-  were  nh-erved  milil  the\  -iiei'imiheil.  nr  Im 
II  dav-  pn-le\pn-nre.  and  were  then  inehided  in 
the  pal  111  ilnni  -t  111  ly. 

The  expn-nre  ehamher  wa-  renin\ed  frnm  tin 
-\-lem.  all  fan-  were  di-mnmiled  1 rnm  the  wall- 
and  hnih  the  ehamher  and  rniatiiin  eaye  weix 
eleaiied  ill  warm  -nap\  water  fnllnwed  hy  at 
eihaiinl  hath.  All  fan  hlade-  and  impellers  wen 
al-n  eleaned  with  elhanni.  The  part-  were  ihei 
air  dried  and  tea— enihled.  1 he  -\sleni  wa-  imw 

ready  fnr  aunt  her  experinieiil . 


'I'hi'  (.•<iinliu>ti()ii  (‘X|)o>uiv  tost  was  loplicatcd  a 
iiiiiiinmm  of  tliivc  tiiiios  lor  the  lirst  ti.'i  materials 
ami  I liorot'oro  yioldcal  I'esponso  times  liased  on  a 
nduiiimm  of  nine  animals,  .''ona'  <d'  those  ti’i 
were  tested  a I'oiirtli  or  lil'tli  time  ( lii  and  l.'i 
animals  respectively)  if  the  variation  in  animal 
response  times  exceeded  a standard  de\iation  ol 
1 min.  The  linal  10  materials  were  tested  only 
twice  for  a t.aal  of  six  animals  each. 

AVe  found  theiv  wele  two  parameters  in  the 
(‘xpei'imenlal  design  that  conid  not  he  (paintita- 
tively  ii'iilicated  in  all  experiments  without  in- 
cnirino  an  nmlt'sirahie  increase  in  time  and  cost 
|)cr  test.  These  two  |)arameters  were  the  body 
weight  of  the  ti’st  animals  and  the  weiji'ht  ol 
material  placed  in  the  ininace.  Kxact  re|)lication 
(d’  animal  weights  from  test  to  test,  cspi'i-ially 
for  animals  utilized  diiriiii;'  theii'  perioil  of  ia|iid 
irrowth.  would  ha\e  eiilailecl  an  almost  dail> 
receipt  of  animals  of  closely  specilied  weiii'lo 
ranjre.  \\'eii;'hiiu;'  material  sp(.ci,||,,,,j.  wiihin 
o..'i  percent  of  the  same  weight  each  time  would 
ha\c  been  time  coiisnininii'  ami  wonhl  lia\e  in 
creased  the  rish  of  obtaining  a noniejnvsentat i\ c 
aliipiol  from  the  parent  mateiial.  especially 
where  the  het ero^ieneoiis  materials  were  cim- 
cerned. 

llowcM'i'.  we  ha\e  determined  experimcni.'illy. 
at  lea-i  foi'  the  nietabolic  poisoii'  sllch  as  ( '(  ). 
IK'N.  and  h\dro,ii'en  sidlide  ( 1 1 .“s ) . that  aidmal 
re-poii-e  lime  |l  ) is  a liimlion  ul  body  wei”hl. 
If  all  ol  lu’i'  conditions  are  held  coii'lant.  I,  and 
I I are  pi'oport  iona I l<r  the  fonrih  root  of  body 
weight  and  imeiscU  propoit  iona  I to  the  toxic 
iras  com-enl  I’al  ion.  I ( ' ) : 

I 1<  I wl  )■'(■'.  ( 1 ) 

W’e  have  also  \crilie(l  that  the  result  iii”'  ;;as  con - 
cent  rat  ion  is  pr(j|>oii  ional  to  the  wei;;'hl  of  ma- 
terial that  i'  theriiKlIly  decomposed  in  the  Inrniice 
and  similarly  that  imimtil  response  times  tire  in 
\efselv  proportional  to  this  'ample  wei”hl 
(within  the  limit'  of  it.-J-'i  1."  ix  of  material  and 
D-  lt(  :iO-min  response  limes,  ami  tinder  the  ]ire- 

scribeil  tc'i  comliiions). 

'I'hesc  relationships  were  I hertd'ore  niilizetl  to 
I'i I'laiin M'lit  the  problems  ol  .'inim.'il  .and  material 
'.ample  weiLdils  that  Mirieil  from  experinuail  to 
expeiamcait.  W’e  incliideil  tmim.al'  at  any  boilv 
weiirhi  lietweiai  I'J.'i  ami  bolt  .and  ii'eil  material 


samples  ;il  tiny  weijrhl  matr  •t.T.'i  ^ that  would 
iillow  represenial i\ e sampliiifr.  'I'he  obsen ctl  re- 
sponse lime  was  then  normal i/.tal  to  that  which 
woiihl  have  rt'siilled  with  a oiH)-<r  itnimal  ami  a 
maleri.al  stimple  weight  of  l.tltltt  jX-  I his  normal- 
ized Milne  is  rid'eia'etl  to  as  it  "sttimhirii"  response 
time,  (.'^ee  ilisiaission.  Appianlix  I). ) 

.'some  of  the  taimposile  maleritils  in  the  lest 
series  (atnliiined  one  or  more  components  ihtil 
were  iheiinally  'tiible:  e.o..  yhiss  libers  itnd 
.ainminmn  mel.al.  These  inert  maleriiil' obviously 
made  no  coniribniion  to  the  linttl  mixinre  ol 
vohilih'  combustion  proihicls;  therelore.  one 
ini<rht  want  to  exclude  their  portion  of  the  total 
weio'lit  of  a test  speciimai  whiai  makin<r  comptiri- 
soiis  of  potential  toxicity  on  an  ei|nal-sain|ile- 
weiLtiii  litisis.  For  this  riatson.  uc  .also  c,alciil;tlei| 
a thiril  set  of  response  time',  noiinalized  for  a 
■JOO-”'  animal  ailtl  a l-iT  sample  weiiihl.  except 
that  the  stimiile  weiLrhl  niilizt'd  in  the  noiinaliza 
lion  e(|iiation  is  that  weight  b'.v/  dnrinjf  laiinbiis- 
lion.  not  the  n.T.’i  y loinleil  into  the  fniaitice. 
Kespoiisc  limes  laihailaleil  in  this  fashion  af  re- 
ferreil  to  as  "loss"  I , and  t ,. 

V.  Di.scussion  of  Hesulls. 

The  observed  animal  re'p  s for  the  i-'i  lest 
material',  as  measured  in  li.i  'ysitan  we  httve 
ilesia-ibed.  yieldi'il  I 's  that  ranii'etl  from  1.1^  to 
I'.l.T.’i  min  for  71  of  the  material';  no  incapacita- 
tions weft'  obsecMal  with  the  other  four  material' 
wiihin  the  pr:  scrilied  bti-min  expo~iire  period. 
The  observed  t,7~  ratiyeil  frotn  ;l. to  -Jl.lii  min 
for  •■|t'i  malei'ittls:  no  ileaths  were  obser\eil  itt  btl 
min  for  !'.•  of  the  tnaierials.  Tlicse  meati.  ob- 
set'Mal  response  limes,  alony  witli  the  two  'cIs  ol 
normalizeil  vtilnes  (stamlaril  l.  timl  !<"'  t,). 
are  pre-enteil  in  .Appendix  ( I'ttble  ( ' 1.  lor  each 
of  the  T.‘>  malerittls  timl  are  arrttnir'al  in  incretis 
iim'  numerical  order  itl  the  matt'fial  iilent  ilictil  ton 
nitnil  let's. 

The  T.'^i  materitil'  are  listed  by  their  idenlitica- 
tioti  nittiibet'  itt  I ablet'  2 in  ihcorilcrol  short 
C't  to  lonrt'C'l  response  lime'.  I'he  observeti 
response  times  are  listed  alony  uilh  the  two 
corresponding  set'  I'f  normtilizetl  response  timi". 
The  mimerictil  vtihle  of  the  re'poti~e  time  for 
ati\  tnaterial  can  be  foiitid  by  riderelice  to  I able 
( 1. 


T 
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to  ovahiato  tlio  iiifrit  of  a oivcii  material  ri'lativo 
only  to  other  matoriah  that  are  eaivilulates  for 
the  same  fimetional  eiul-use. 

In  the  series  of  materials  mider  test,  there  tire 
10  separate  "fimetional  " eati‘jj:ories  plus  an  11th 
ofoiip  eomposeil  of  the  imliviilual  eom(>onents 
that  make  up  the  panel  composites;  e.jr..  honey- 
comh  cores,  adhesive,  lihei'olass.  epoxy.  I he 
relative  rank-orders  of  the  memhers  of  each  of 
these  11  catefTories  are  luvseiited  in  Fiiriires 
In  each  case  thi>  materials  are  lanked  acconliiifr 
to  their  standard  t.’s  (hottom  har)  from  the  most 
toxic  on  the  left  (shortest  t,)  to  the  least  toxic 
on  the  rif;ht  ( loti^est  tj.  The  materials  are 


identified  hy  their  code  nmulK-rs  (see  Aiipendix 
U)  and  hv  an  ahhreviated  description  of  the 
material.  'I'hese  ahhreviations  are  identifieil  in 
Tahle  1.' 

.V.  .Most  of  the  l.'i  i»anel  assemhlies 

consisted  of  an  aromatic  i>olyamide  lioneycomh 
core  covered  with  Filieifilas  and  differed  from 
each  other  maiidy  in  the  outer-most  finish  layer, 
("onseipient  1 V.  one  would  not  expect  them  to  e.x- 
hihit  laifre  differences  in  toxicity  and  this  was 
home  out  exiierimentally.  \ allies  lor  standard 
t|  ranged  from  •d.-’id  min  (material  No.  ;f0)  to 
.■).S.')  min  (material  No.  VI)  and  increased  at  a 
fairly  constant  rate  (Figure  :i). 


Table  1.  Abbreviated  Titles  for  Materials  as  used  in  Figures  3 to  13 


■Material 

Abbreviation 

Material 

Abbrev ia 1 ion 

Number 

Number 

1 

PVF/KPX-FG/AR  HC/EPX-FC 

78 

AR/VMID 

2 

EPX-FO/AR  HC/EPX-FG 

79 

PLET  URETH 

6 

PVF//\R  FIBER-PHEN 

80 

URETHANE 

6a 

PVF/AR  FIBER-PHEN 

81 

PVC 

9 

AI./AR  HC/AL 

82 

WOOLiPVC  76:24 

10 

FG-POLYESTER 

84 

PVC/COTTON 

12 

PVF/PLST-GLASS/AR  HC 

85 

ABS-PVC 

14 

PVF/AR-EPX/AR  HC/EPX-FG 

86 

PVC 

15 

PVF/AR-EPX 

88 

WOOL 

18 

PVF  FILM 

89 

PVC/NYLON 

20 

PVF/EPX-FG/AR  HC/EPX-FG/PVF 

92 

ARAMID 

24 

EPX-FG/PVC/EPX-FG 

93 

COTTON 

25 

PVF/FG-EPX/PVF 

95 

RAYON 

26 

FG-EPX 

96 

WOOL: PVC  49:51 

27 

mf;lamine-fc 

97 

PVC-POLYESTER 

28 

ALUMINIZED  PVF/NY’LON 

99 

PVC-PMFb\ 

32 

POLYCARBONATE 

100 

PVC-ABS 

33 

WOOL/PLST/LATEX 

102 

polyethylene 

34 

WOOL/PLST/LTX/URETH 

104 

Pl.ST  URETH 

37 

PVF/PHEN-FG/AR  HC 

107 

ABS-PVC 

38 

EPX  COATED  PHEN-FG 

108 

FR-PMMA 

39 

EPX  COATED  PHEN-FG 

109 

PMM/\ 

40 

/\R  HC/ PHEN-FG  BATT 

111 

POLYCARBONATE 

41 

EPX  COATED  PHEN-FG 

112 

SILICONE 

42 

PVF 

113 

PVF/PCARB/PVF 

43 

PVF/PHEN-FG/AR  HC 

115a 

PHEN-FG 

46 

PVF/PVC/PHEN-FG/AR  HC/EPX-FG 

116 

polycarbonate 

50 

WOOL/PHEN-FG/AR  HC/EPX-FG 

117 

POLYPHENYLENE  OXIDE 

52 

WOOL/ EPX/ At./ BALSA 

1 1 8a 

fg-epx/asbestor 

56 

PVC/SS/EPX/AR-PHEN  HC 

123 

SILICONE 

60 

EPX-FG 

127 

MODACRYLIC 

61 

PVF/PVC/PHEN-FG/EPX/AR  HC 

130 

COTTON /RAYON 

66 

SIL  TREATED  PHEN-FG 

136 

PVC/COTTON 

67 

PVC/PHEN-FG/AR  HC/EPX-FG 

142 

WOOL: NYLON  90:10 

69 

PVF/PVC/PHEN-FG/AR  HC 

14  3a 

PLET  URETH 

70 

WOOL: NYLON  90:10 

143c 

PLST  URETH 

73 

URETHANE 

144 

PVF/EPX-FG/AR  HC/EPX-FG 

74 

tIRETHANE 

10 


One  luati'i'ial.  Xo.  I’J.  iloc-  t'Nliiliil  a ])i'o])(‘rt y 
that  cDiilil  lie  Wdilhy  of  coii^idcrat ion  in  soinn 
(ire  -ilnalion;  i.e..  no  ilealli>  ocinired  in  the  dO- 
initi  test  period.  In  eonira'i  with  material  No. 
(■>!*,  wliieli  has  ahont  tlie  ~anie  t,.  tlie  inteival  of 
lime  Ix'lween  ineapaeilal ion  and  dealli  for  Xo.  lii 
is  Loeater  than  nun  eonipared  to  less  than  d 
min  for  Xo.  (Ih.  The  lonyrer  l,-t,i  interval  would 
ri'present  an  increased  >nrvi\al  potential  in  any 
till'  situation  that  allowed  reM'ne  of  an  ineapaei- 
laled  individual  l>y  someone  el>e.  such  as  a linihl- 
ino'  (ii’e.  or  an  airerafi  lire  at  an  airport  or  in  a 
populated  area. 

II.  I f’/itii /tout  itfs.  Ih>ults  olitaiied  with 

lhe>e  nine  materials  eonid  indicate  the  relalixe 
emit rihiit ion  to  the  total  to.xieity  of  a composite 
panel  that  is  made  hy  e'leh  of  the  individual 
panel  eomponents.  From  Fiirnre  I it  is  apparent 
that  there  i~  very  little  ditlerenee  het ween  near 
neii.dihor>  in  the  iir-l  seven  materials:  however, 
the  last  two  do  ditfer  holh  from  the  lirst  seven 
material-  and  from  each  otlier.  It  would  ajipear 
lliat  the  LO-eate-t  toxicity  is  associated  with  the 
aramid  component,  which  is  an  aromatic  polyam- 
ide in  either  fiher  or  honeyconih  form. 

One  mit-l  hear  in  tiiitid  that  the  relationship- 
depicted  on  the  liar  irraph  and  the  conclusions 
drawn  from  them  are  all  hased  on  the  "stanilard” 

I 's.  These,  in  turn,  are  hased  on  the  e(|iiivalent 
of  a l-tr  fuel  load  of  the  lini-hed  material,  and 
no  corrections  are  made  for  that  residual  |>ortion 
of  a material  that  does  not  decompose. 

I!v  snh-titntinL'  loss  t,'s  for  sinndard  I , s.  one 
can  compare  the-e  -ame  nine  components  on  the 
hasi-  of  response  time  per  cram  of  sample  wei<rhl 
loss  esseiitiallv.  this  corrects  for  the  ((iianlily  of 
thermally  stable  I'iherelas  in  the  sample.  'I'he 
order  of  relati\('  loxicitie-.  from  most  to  least 
toxic,  then  hecome- : t>s.  ti.  ti.V.  10.  t’l'.t.  1.1.  II.  I'J. 
and  l’\'F.  Three  of  the  four  Fiheri.da--eontain 
iiiL''  components  move  to  position-  ol  ci-eater 
toxicitw  The  mo-l  dramatic  -hifi  in  toxicity 
occur-  with  Xo.  l.‘i.  whii'h  move-  from  second 
plaie  down  to  sixth  place:  note  that  it  does  not 
contain  atiy  I''iheri.das. 

( '.  /-Ve/tii.v.  ,\s  a class,  the  foam-  decomposed 
rapidU  under  onr  tc-I  condition-,  leaiinir  little 
or  tio  re-idiie.  ()f  the  nine  foam-  listed  in 
Fiirnre  .1.  seven  yielded  I,  \ahtes  mcr  a ntirrow 


raitfre  ( f.‘2!) min).  The  reniainin"  two  ma- 
terials. a nrethatie  (Xo.  8(1)  and  a polyester 
urethane  (Xo.  l-).‘Je).  as  widl  as  material  Xo.  80. 
a polyvinyl  chloride  (1*\'C)  foam,  produced  no 
deaths  dnrine  the  OO-miti  ohservation  period. 

I).  Fnhriix.  .Vlthonjrh  materials  in  this  eate- 
eorv  represent  a wide  variety  of  ehemieal  com- 
positions. with  few  exi'eptions  the  t I's  were  ipiite 
short  ( Fiyure  0).  A modaerylie  dra)iery  fabric. 
Xo.  127.  irave  the  shortest  t,  (l.l.'i  min)  recorded 
for  any  of  the  T.'i  materials  and  the  t,i  was  less 
than  0 min.  Fleven  of  the  twelve  materials  cave 
t,  values  of  less  than  ."i  min  and  the  remaininjr 
one  (Xo.  81.  an  untreated  l’V(^  upholstery  fah- 
rii  ) cave  a tj  of  T..'i7  min. 

In  addition  to  produein<r  relatively  sliort  t,'s. 
se\('ial  of  these  materials  also  killed  the  test  atii- 
mals  (piite  soon  after  incapacitation.  The  elapsed 
time  hetween  incapacitation  and  death  was  less 
than  2 min  for  materials  Xo.  !>:).  8.'i.  1-J7.  and  Klh. 
In  onr  exi>erienee.  a short  survival  time  iollowine 
ini'iipaeitation  is  iisiially  associated  with  tin' 
presence  of  snpralethai  levels  of  CO. 

F,.  Codfal  Fuhricy.  .Ml  materials  in  this  irimip 
were  fabrics  that  had  been  coated  with  ('. 
The  shortest  t,  was  ().'.»7  min  for  a liydit weight, 
liana'  retardant -t real ed  polyester  ( Xo.  H7 ) nseil 
as  ,‘i  seat  bottom  diaphragm.  The  remaininir 
nniterials  were  heavy  upholstery  fabrics  and 
yielded  ti'sof  from  7.17  to  1:1.71  min  (Fienre  7). 

Two  of  these  material-  appear  part ieulaily 
promising  from  a toxicological  standpoint.  .Ma- 
terials Xo  Mt  (l’\'C  nylon)  ami  No.  Pltl  (I’VC 
cotton)  welded  tis  ol  10. iD  ami  bl.il  min  re- 
specli\ely.  ami  neither  material  killed  the  lest 
animals  in  the  tiO-min  obser\alion  periml. 

(In  a sample  weiirht  ba-is.  both  coaleil  I'ollon 
materials  ( Xo.  ^l  and  lot!)  appeared  to  he  less 
toxic  than  their  nncoaled  eonnterparl.  material 
Xo.  ‘.1:1.  However,  since  the  weiydit  ratio  of  fab 
ric  to  eoatiii”'  in  these  materitil-  is  imt  knoun.  it 
i-  dilli<'nlt  to  know  whether  the  lowei-ed  toxicity 
<d'  the  cotton  P\'('  nnileriills  is  due  (i)  to  the 
srihsi  it  III  ion  of  a -ienilieanl  part  of  their  total 
w ciohl  with  the  less  t oxic  I ’\  ( ' or  ( i i ) to  chatiei'- 
ir  the  llammahilily  and  hnnunir  cliaracl erisi ies 
of  iht'  fabric  because  of  the  I‘\  ('  eoatintr. 
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I'll. I iiK  7.  riiiili'il  f.'ilirirs.  Ki'lnlivi'  toxicitv  nf  cnnilms- 
liiiii  priKiiicIs  as  lui'jisurcil  hy  aniiiial  i*rs|.nnsr  liiiir. 
Ilnttiaii  nl'  carli  liar  ivpri*xrij(s  t,:  f<<p  nf  }i;iy  fr/tyr- 
si'iits  t.i-  Uflatiw'  Pixii'ilifs  ili.ri'fasr  rnaii  Ii'ft  t<i 
ri^'lit. 

F.  Flooihiij.  Till'  ninjri'  of  liioducoil  liv 

this  frroiip  of  coiniiosiic  inutciinls  was  from  l.'.il 
mill  (No.  !>)  to  lO.'.Hi  mill  (No.  lM)  (Fiiriirc  .‘'i). 
For  tliis  ratcirory.  iis  was  llir  case  for  llir  I'aiiol 
calpfrory.  one  miirlil  want  to  look  at  tlio  loss  ti 
\alii(‘s  in  con jiinct ion  with  the  stainlard  t,  values, 
for  some  of  the  tlooriii"  sample-  al-o  have  a tion- 
conilin-t ihle  component.  For  example.  No.  !•.  an 
aromatic  polyamide  honeyconih  aliiminiim  sand- 
wich. exhihits  a siirpri'inj:ly  -liort  l,  when  one 
considers  that  more  than  .Ml  pmceiit  of  its  total 
wei;rht  is  metallic  ainniinnm. 

In  LO'iieral  these  materials  fall  into  two  toxicily 
le\els.  with  No.  !i.  d.'i.  and  exhiliit  in;;'  t,  Mihie- 
of  alioiit  ."i  min  and  t.i  values  of  one  and  one-half 
to  three  times  the  1,.  .Materials  No.  li  I and  .‘|0 
have  t,'s  <d'  approximately  10  min  and  no  oh- 
-erved  death-.  .Material  No.  .Mi  represents  a 
tran-itioii  hetween  the  l wo  croups  with  a t,  of 
T.ltl  mill  and  a l,i  almost  twice  the  t.  value.  ’I'he 
la-t  two.  No.  '-M  and  Wl.  would  appear  to  he 


superior  materials  from  a purely  loxicolocical 
viewpoint  ha-eil  on  comparisons  of  ei|iial  vvcicht- 
of  linisheil  products. 

(i.  Th<  riiioiililxtiry.  The  t lieriiiopla-l  ics  con- 
-titnte  most  of  the  molded  plastic  panels,  seat 
shrouds,  etc.,  found  in  an  aircraft  cahin  interior. 
(In  the  basis  of  their  toxicity,  these  material- 
fall  itito  two  distinct  chis.-cs  and  ati  intcrtiiediatc 
croup,  riie  polycarhotiate  materials  (.No.  iio.  11. 
ll(i)  had  ti's  of  about  1 min  and  very  short 
interval: — less  than  •!  min  between  inca|iaci- 
tation  and  death.  .Ml  the  l’\’('/A  1 1.'^  materials 
liroditced  t|"s  of  a[)proximately  lo  min  and  no 
deaths,  while  the  retiiaininc  material-,  a poly- 
|)henylene  oxide  (No.  117)  and  a I’X'C  acrylic 
(No.  !MI).  cave  intermediate  atiinial  respoii-e 
times. 

In  out'  test  system  all  the  iiolycarbonate.-.  as 
well  as  the  phenviene  oxide',  produced  very  Inch 
peak  CO  coticetit rtit ions.  The  -mall  dill'ereiices 
observed  in  animtil  re-ponse  times  may  I'elh'ct 
ditfei'inc  thertiiiil  sttibilities  of  the  t'e-pective  mii- 
terials  I'tither  than  any  siib.-tjtntive  dillerences  in 
combust  ion  pi'odncts. 
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V'h.I  UK  I'lnnrihLl.  Ko|;|li\r  in\icity  n(‘  colhl >n^l  i«'ll 

linxlihiv  :iv  I'>  niiimjil  linic. 

Il'iltniii  i.f  tiH-h  luir  n'l-rf'scnt'^  t.;  l"t'  "f  I'lir  loinv 
M'liis  i.,.  Ii«!jiii\c  toxiciiiov  iltTFcuvc  t'l'Miu  li‘t'1  to 


MINUTES 


THERMOPLASTICS 


I'h.iim;  Thi'nii"|il;i'I  ii''.  K''l:iiivi'  loxicily  of  nimliusliini  iirndiicl-i  :i<  tiic.-isiii'i'd  hy  ;iidiiiiil  time,  t'.ni- 

tmil  Ilf  etieh  htir  lelife^elil^  1.;  top  .if  f.  ipiv...  ■!  d<  t.i.  Ueltllive  pixieilies  deevetise  ffiilll  l.ifl  le  fm'ld. 


li.  I'liiiiii  l.in' f'.  ill  tlii>  etili’^iifx 

(■(Iimi^le.l  of  I 'iliefe-lM  — rein  t’ld'rml  pla'lie  ~li(Md' 
I-.  dll  ;i  iliiiii:'  vaniiMi'  i|Udnlilie>  nl'  m di  fl;i  inn  in  I ilc 
nmlernil  I l•'it;■n|■e  1").  In  tjenernl.  llie  nli-eldr.l 
I were  reldleil  In  llie  .|lldnllly  nl'  nnlicnnildm 
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CARGO  LINERS 

I l,,l  |;t  I'l.  I'di'Jii  litter^.  I|el:iti\e  Ie\ieil.\  id'  eiilllldl" 
til. I,  pl-iiildil'  .’1'  llle.•|■.lll.  d li,\  inillllMl  le^piill'e  lime. 
It.iiiiiie  111  ell. I,  Inn  lepi-.-.  hi..  I,;  n.p  ..f  lull'  fepi-. 
„.|||»  1.  lelnliv.i  l.iyi.il  1.1'  l|l■e|■eIl-e  fl'.illl  l.d'l  In 


liMe  niillei'i;il  ill  (■;ieli  >;ini|ilc;  i.<‘..  llie  l.-ll'wer  llie 
rrnelinn  nl'  llieniidlly  >l:ililr  .•nin|)()neiil . llie 
longin'  I lir  I 

.Mdleriiil'  ilnii  inn.lnecii  iminnil  ineiiiineiiaiiim 
williin  llie  iln-niin  nl  I'eri  :il  inn  |ieiinil  were  ti 
I'’iliernlim  |inlye'ler  1 Nn.  In)  ap.l  twn  Filnire|a~ 
e|in\\  ^lleel~  (Nn.  llii),  'I  heir  re-peidite  l,> 
were  .'S.'.i'.i.  T.li^.  ami  In.:’,:’,  iniii.  Twii  inaleriaL 
neillier  inea|ia.'ilaiei|  imr  killed  llie  aniinaK:  Nn. 
n.‘i.  a I male.  I I 'ihernltm  e|m.\y  ami  an  ;m 
lie'ln'-ini|ireenale.l  l-'ilieimlim  epnw  I.N'n. 

The  animal  ~nn  iwiri.  rrnm  le-m  nl'  Nn.  11>.\ 
W(ire  nh'en  eil  I’nr  A day-  pii'lle'l  ?ftid  wer.'  I hen 
'iierilieed.  NO  nlwinii'  ill  elleel-  nl  1 he  pnlelilial 
d'lie'ln-.  expimnre  wei'e  mile. I .hiring'  ih.'  ^ .lay-, 
ami  m.  nrn~>  .ir  nii.-ni-.-npie  palh.ihnfy  alirildil- 
al.l.i  l.i  a-he-l.i-  wa-  fniiml  nn  pn-t  m. irl .di i e.xtini- 
inal  inn.’'" 

* .\II  pr.i|ii..i-i.i|ii  ah. I p.  1-1  III. irnaii  palliii]'i-.\  .■.iti.lii.d.i.i 
nil  III.-  aiiiiiial-  ih\n|\.Ml  ii  ilii-  .ihlir.'  -iii.i.\  wa-  a.i.-niii- 
pli-li.i.!  Ii.\  \\  jlliaiii  II.  Kirkliaiii.  I’li.li..  I'lii.d'. 

1 'al  li.  ilna\  le-nar.'li  li.d.  \\ialinh  Tn\ienlnj.\  l.aimra 
lnr\.  I’ivil  .\i  rntiii  .|i.  Ill  Ih-limn  Tli.i  pal  iinl.  la..  t■.•-llIl- 
.'ill  li.i  piildi-li.  .1  a-  a -.ipaiali  i dli.-i  nf  Wiaiimi  M.  .11 


I.  1 nnixiJiiri  n(  n s.  '1  lie  tlircc  mjili'l  ial'  m I hi' 
l■:lU't^<l|■v  yiclilcil  II  wide  laiiyc  of  loxii  ily  \alui''. 
( )iu'  i>olycarhunat(‘  (No.  Ill)  o,!"'  a l,  of  h.'o 
mill;  tli(‘  x'coiul  aiTvIir  (.No.  liili)  ilid  not  in 
caiiai’itatc  in  min  (l‘'i”iiic  11).  .Material  No. 
Ill  ;ra\i'  the  rapid  product  ion  of  a xery  hiyli  ( '( ) 
level,  xvliieh  led  to  the  n>ilal  ^hort  l,-t,i  inlerxal. 
.Material  No.  lOH  proviiled  a >iirpri'iny^  allhonyh 
not  eompletidy  iine.xpeeled.  ineident  in  the  latter 
pha>e>  <d’  tlu‘  tot  ^erie^.  .iLfter  the  initial  li'r-t' 
hail  eontirnied  that  we  were  not  eiijno-  to  oli'crxc 
a ti<-")0  min  for  ,'ome  niaterial>.  laryer  sample' 
were  loaded  to  determine  what  weiithl  would  he 
necessary  to  ohtain  an  oliM'i  x ahle  ineapaeitat  ion. 
The  rei|iiired  weiitht  of  the  laryer  sample  was 
estimated  on  the  basis  of  the  ipiantity  of  CO  and 
Ilex  result  inir  from  the  orioinal  decomposition 
id'  tl.T'i  iS  of  material  and  the  knowledge  of  (he 
Ineapaeitat  iiiy  doses  of  t hc'c  itasc'  for  the  rat. 
W hen  a ealeiilaled  inra|iarilat  iim'  load  of  No. 
pc.t.  L^  wa'  tc'led.  the  mi.Miire  of  pyiolx'l' 

irasC'  ireiieraled  wa'  'iillieienl  ly  I'oneenl  rated,  at 
the  xeiililation  rale  of  I I,  min.  to  prodnee  an 
explosive  mixture  in  the  l•hamher.  Thc'c  mi'C' 
were  io'iiited  hy  a llame  that  oriiiinaled  in  the 
fnrnaee  tnhe.  and  the  re'iiilanl  explo'ion  'cxcrely 
damaged  the  eXpO'iire  ehainher.  I he  experience 
wa'  an  excellent  demoii't  vat  ion  of  one  of  the 
adv.'intaoe'  of  a ehainher  l oiisl  i ncled  Ironi  plexi- 
^'hi'  rather  than  ifhi".  and  it  prompted  iis  to  add 
a lai'oe  hlowont  panel  to  the  di"i"n  of  Inliire 
|•hamhel•s. 

.1.  I iiKiihit'Kiiiy.  .Material'  from  this  eiid-ii'e 
cateoiiry  that  were  inehided  in  the  test  'crie' 
were  limited  to  three  |■'illety;■|as  Insidation  hall' 
|■ontaininir  xarioiis  hinders  (No.  -JT.  (i(i.  ll'i.V) 
and  a 'inyle  iii'iilalion  had  roxer  material  (.No. 

composed  of  ahimini/ed  l’\  F and  nylon 
( Fiynre  liJ).  The  ranye  of  1,'s  for  I h(>  halls  xx  as 
from  -'‘..Tit  min  for  a melamine  hall  (.No.  -J7 ) to 
ofealer  than  '•In  min  for  a silicone-l  reated  jiheno 
lie- I-'ilierirhi'  hall  (.No.  (iii).  nonsiliconed 

phenolic  hall  (.No.  ll."i.\).  on  the  other  hand, 

^oix'e  a t,  of  ly.yii  min.  .No  death'  were  oli'crxed 
xvil  h any  of  l he  four  material'. 

The  Filieryla'  content  of  l he-e  material'  i' 
ahoni  ''II  percent  ( h\  xxeii;hl);  therefore,  the 
anionnl  of  material  ninleryoinc- decomiio'il  ion  in 
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TRANSPARENCIES 

l'ii,i  la  It.  '(■raij'ii.-ivciicic.',  Itclalixc  n.xiciiv  n|'  ccm 
liii'Iii'ii  |ll■■•llucl'  ;i'  iMca'iifcil  l-y  animal  rcsiMai'i 
lilac.  I'.cin.in  cl'  cacli  li.o'  l■c|•|•c'clll'  i.:  |c|i  cl'  i'.ai 
rcnn-'ciiis  1,|.  Kclalixi*  Icxit-ilics  (tccrca'c  I'rcin  lel'i 
In  l■'lalll. 
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I 'a.ii.i:  |c.  (h'lilai  icii',  Udal  ix  c icxicil.x  cl  l■lal|lm'^■'l 
I'lciiiici'  a'  itica'tii'cd  l<\  aiiinial  va'pcii'c  lina' 
l.cOcia  i.r  cacli  Itar  rcnrc'chis  i , icp  d'  liar  rcprc 
'CHI'  I,!.  Itclalixc  Icxiciiics  ilccrca'c  ircni  (cfi  n 
riahl 


MINUTES 


ilu'  I'liniiicc  is  (inly  iilidiii  iiciccmi  nt'  I lie  loiulcti 
\vciy:lil.  Il  is  tiiis  siniill  umoiml  ol'  liindiii^i'  m;i- 
ll•|•ii^l  iIkiI  is  i-i's|)nii~ililc  I'oi'tlu'  iiniiii.'il  ivs|m)mscs, 
I'or  iiiMlcriiil  No.  -JT.  for  iii'Inncc.  if  llic  im‘l;iinin(‘ 
nloiic  iiccomil s for  llic  I,  of  ;'>.7  min  ;inii  is  only 
•JO  (ifi-cctil  of  till'  toliil  ncii;lil.  llicii  on  tin  (‘(jniil 
wciolil  liti'is.  |)niv  nifliimiiu'  wunM  lie  iilioni  llir 
most  loxic  |iolyniciic  mtitcritil  \vc  liinc  tcsicil. 
('tiivfnl  considcrnt  ion  slionid  Im  oi\cn  lo  this  fin-l 
when  sucli  nuilcritil'  arc  Used,  for  tdllionoli  they 
arc  li"'lil  in  wciylil  llicy  can  slid  com|irisc  a 
'iiriiilicani  fi  acl  ion  of  llic  lolal  wciylil  of  |i<d\  ' 
nicric  niiilcrial  used  in  aircraft. 

I\.  l-'hixfinni  r^.  'I  wo  door-sc:i I iiiir'  materials. 
Iiotli  of  which  were  silicone  ida~lomcrs.  were 
tested  in  the  ~eries  ( Fi:;iirc  hi).  From  the 
t oxicolooictil  st ;ind|)oint . material  No.  ly:l  proved 
to  he  the  lietter  of  the  two.  prodneiny  a ti  of 
I l.hti  min  and  no  deaths.  .Material  No.  ll'd  in- 
capaciltited  the  animals  in  !Mti  tind  killed  tlu'in 
ahoni  1 min  later. 
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ELASTOMERS 

llt.i  i:i  i:{.  1 i »r  cniiil  H|"t  inn 

m-  nn-M'^iirn'l  !•>  JitiitnnI  linn-, 

"f  ••;mTi  lijM*  rr|i|»'«nllK  t ! l'-|i  "f  l*:ir  1‘nj.rr 
v.htv  j,  il.-.  ri‘!iNC  tfnm  IHi  t-- 

riirhl . 


VI.  Summary  and  Conclusions. 

)\’e  hilve  deserihed  in  -onie  detail  the  concepts, 
design  featni  const  rnct  ion.  and  le-tino  nf  n 
small-sc.ale  system  that  utilizes  sniall  lahoratory 
animtils  for  evalnatin,ir  the  r(dali\'e  toxicities  of 
ciinilin-t  ion  products  from  polymers.  (Iverall 
s\~lem  performance  was  demonstrated  hy  te~titic 
T'l  tnaterial'  hsihI  itt  aircraft  ctihiti  ittteriofs  attd 
rankiitir  them  accordiii”'  to  tiieir  relative  inhala 
lioti  toxici'ies  to  the  ttHiitio  ttit. 

llelati\v  fiitik-ordefs  for  these  T.'i  tntiterials 
have  hceti  presented  in  'cvi'i'al  wav~; 

.V.  ( )ti  the  basis  of  two  atiitnal  etid  poitits: 
i.e..  r(dati\c  t imes-to-iticaiiacitat  ion  tittil  titnes-lo- 
deat  h. 

11.  ( )tt  the  h;isis  (if  eipial  materiill  weights 
loaded  itt  the  fitrtiace. 

( '.  ( )ti  the  basis  of  the  lo's  of  eijual  weichl  ol 
tnaterial  dtiritiy  pyrolysis. 

1).  Oti  the  basis  of  attitnal  respoti'c  litttes  cor- 
rected for  ditl'eretices  itt  attitttal  weiydits  atid 
sample  weifrlits. 

The  siyttilicattce  of  the  \itriotis  bases  for  tlte~e 
tntilliple  ratikitios  hit'  lieeti  disctis-ed.  ii'  have  t he 
rehttive  merits  for  selectitty'  otie  base  over  ati- 
other  for  it  specilic  applicat  ioti.  ^\  e feel  that 
iisc  of  either  "loss"  or  "stiindat-d"  resimitse  littte' 
is  e(|ually  \iilid  prmided  the  choice  is  btised  oti 
the  propi'f  recoiinit  ioti  of  whiit  each  tneiisiiretnetil 
'i”ttilies  iittd  its  relat  ioti'ldp  to  the  weic'hl  id  the 
niiiterial  itt\'ohcd.  If  otic  were  primarily  inter 
e~le(|  in  ewalnat  inii'  relative  performance  of  ma- 
terial' its  ihev  would  be  ii'cd  in  all  iti't  al  lilt  ion. 
the  ii-e  of  "standard"  re'poiise  times  would  prob 
ablv  be  preferable.  However,  if  otic  were  ititer 
("ted  in  the  jioleticv  of  the  decomposit  ion 
products,  per  'C.  one  miyhl  choo'e  to  look  at 
"loss"  response  time'.  For  most  comparisons, 
the  use  of  "standard  t " is  the  one  pridVrred  by 
I he  ant  hofs. 

.1  iidiritiy  from  the  distribution  ol  t ~ through 
(lilt  the  tt  to  :lii-min  expo'iirc  )ieriod.  it  ap|ieafs 
thill  a more  uniform  distribution  mii;hl  have  re 
'tilled  with  a fuel  load  'lichll,'  I'"'  than  the 
I'.T.'iir  l •_’.<!  I.  that  Wits  selected. 


'I'lio  system  is  small  ( l-.<i  li).  ea>ily  const rucled 
liy  lalioialoiy  peisoimel.  ami  lelatiwdy  inexpen- 
sive to  assemlile.  It  will  accommodate  I'idiu  !s  to 
I’i  tests  |)er  day  per  unit,  iitili/.ine  three  rats  per 
test,  with  ideaidno;  hetween  successive  tests.  For 
such  liiolooical  end  points,  ie[)i'oducihility  of  ani- 
mal respon.se  times  from  test  to  test  is  sui'i)ris- 
injrl.v  ;rood.  as  is  the  precision  of  the  measurement 
from  animal  to  animal  within  a friven  test. 

The  siiu|)licity  of  desijrii.  low  cost,  ease  of 
operation,  and  reproducihiliiy  of  results  suoitest 
that  the  significant  featuies  of  this  .system  ami 
its  operating  parameters  are  worthy  of  ccjusid- 
ei'ation  in  the  current  search  for  a standard 
system  with  which  to  measure  the  relative  in- 
halation toxic  hazards  associated  with  noniiu'tal- 
lic  polymeric  material. 


One  must,  however,  hear  in  mind  that  this  test 
system,  reproducihle  as  it  is  and  useful  as  it  may 
he.  shares  a fault  common  to  all  such  systems  in 
use  or  proposeil.  'I'he  parameters  of  the  thermal 
decom()osit ion  process  do  not  necessarily  repre- 
sent. and  are  not  presented  as  a representation 
of,  the  processes  that  exist  in  a "rear"  lire.  'I'hcrc- 
foi'e.  the  r('sullant  relative  toxicity  rankintr  may 
not  reflect  the  redative  hazards  of  these  or  other 
such  materials  under  actual  fire  conditions.  AVe 
consider  this  to  he  a preliminary  study  with  the 
prituary  ohjective  that  of  ilcsioninir  a siiitahle 
system  for  makitijr  to.xii-ity  measuremctits  id’ 
ifaseous  em  irouments.  not  reproducinir  actual  lire 
atmospheres.  The  descrihed  system  accomplishes 
that  ohjective  surprisiuiily  well.  AA'c  rci-ommeml 
that  additional  studies  he  conducted  to  rclitie  the 
paratuetric  \aliies  in  order  that  they  may  tuorc 
adeiitiately  reflect  those  of  sicnificatice  in  a lire. 
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APPENDIX  A 


DESCRIPTION  OF  THE  ANIMAL  EXPOSURE  CHAMBER 
AND  ITS  OPERATION 
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APPENDIX  A 

ANIMAL  EXPOSURE  ASSEMBLY 


I.  Chamber  Materials  and  Cnnslruction. 

All  I niM'piUVMl  iiiii’li(in>  ol'  llic  clianiln'r  were 
c'oM'l  nirli'il  from  1 ‘li'xi^hm  >lu'ct>.  Inicl  ami 
oiilli'l  lai'liinji>  lor  llu'  comhimtion  lulii'  ami  I’c- 
cii'iMilal  ion  a^>(‘mlil\  were  machiiUMl  from  >oliil 
l‘lc\i”la'  'lock.  Kai'h  warn  o-roo\(‘<l  lo  ai'cc|il  two 
in 'Cl  \'iton  ( )-rinc>  ( A rl  Inir  II.  Thoma>  Co..  Xo. 
■'Oss-.|:’,!i.  n.'i-mm  i.il.  \ .'1mm  wall  t lii<  knc-> ) . 
(’nrx  id  pki'lic  >cct  ion~  foi'  llic  rotoi-  >liroii(l'  on 
the  mi.xiim''  ami  rccii'ciilal  iim'  lilowcr>  wci'c  falni- 
calcd  from  Hat  ricxirrla'  'lock  liy  healing  ami 
Ijcndinc'  to  ^llapc.  .Ml  cdrfc  and  ('ml  joints  on 
llic  chainlicr  were  ivinforeed  kr  drilline'.  lliread- 
iii”'.  and  eoifnler'iidiinL:'  three  lmle>  per  'ide  lor 
llalliead  s maeliine  'erew~  approximately  il  cm 
lone.  I’lexiehi'  joint'  were  then  cemented  with 
No.  •'>  I ’lexiehi' eemeni  (('ope  l’la>l  ie>.  ( Iklalioma 
( 'ily.  ( tklahoma  I. 

rile  hearine  for  the  >l('cl  ei'nler  >liafl  (axle) 
wa'  machined  from  ,'olid  '!  ellon  lo  an  internal 
diameter  malehine  the  ^hafl  diameli'i'.  'I  he  mix 
ine  hlower  rotor  machined  from  'I  ellon  'lock 
and  the  I'olor  for  the  reeirenlal  ion  hlower  ^\■a^ 
ea'I  in  a iiihher  mold  from  tilled  epoxy  rmiii. 

The  eomhii'lion  Inhe  i'  a •_’..‘i-em  lo.d.)  \'yeor 
Inhe  with  a 'Imrl.  "I'aded  'cal  allaehmeni  to  a 
I’x'fex  hall  joint  l .'^d  tl.'i  -J.’i).  The  remaimlerid 
the  reeirenlal  ion  a"emh|\  wa-  hnili  fi-om  'land 
ard  IN  rex  tiihiii"'  eonpled  to  .''.I  •'l.'i  L'.'i  ei'onnd. 
h.all  and-'oekel  a"emhlie'.  ."'ampline  port'  were 
turned  and  drilled  from  'olid  I’lexiel.'i'  'lock  and 
eovel'ed  with  red  inhher  'eriim  hollle  'loppef' 
(7-min  pine  diameter  x 1 Cnmi  llaime  diameter. 
Arlhnr  II.  'I'hom.'i'  (dmpany.  No.  ''T.'ih  |):id). 
'I'hermoeiinple  iii'erl'  were  fahriealed  from  cop 
per  eon'laiilan  wire  I I rra..  n..'in''  mm  diameter. 
No.  ( i(  i I '-II.  ( •mei::i  r.imineei'iim'  ( dinpaip\. 
.''lamfoid.  ( 'oiineei  ieiil  ) l■emenled  into  hored  and 
'liorlened  No.  nn  rnhher  'loppei'  with  a clear 
'ilieone  rnhhei' 'ca let'  I I low  ( ornine  No. 


.'^ealinj;'  oa.'kei>  for  the  three  Ian  hlower  as- 
^emhlie^  were  made  hy  M|iieezinjr  a hand  >d’  clear 
silicone  rnhhei'  si'aler  onto  one  <d'  the  maliiie' 
>nrfaee^  and  idlowiny  it  to  dry.  .\  i;a>ket  lor 
the  ehamher  end  plate  warn  formed  with  the  plate 
elamiied  lightly  in  place  ayniiii'l  :)-mm-lhiek 
.'paeei'  placed  in  the  ehamher  t hnmh'erew  hole>. 
.'■ilieone  I'lihher  m aler  wa>  applied  lo  the  end 
plate.  The  'ilieone  wa'  pre\'enled  from  adheritm' 
to  the  ehamher  end  hy  emciine  the  ^ilieone  layer 
with  Tetlon  tape  ■-lrip>.  .\fter  the  e'.-i'kel  had 
cured,  the  'I'etloli  ^llip'  were  remoM'd. 

Two  additional  ihermoeoilple  inlets  wa-  drilled 
into  the  ha"k  plate.  ( )ne  wa'  11  elil  helow  the 
eeiiier  'hall  hn'hiiirr:  the  other  wa'  cm  I rom 
the  'ide  oppo'ile  the  mixing  hlower  and  11  cm 
helow  the  lop  'iirface.  .\  third  thermoeonple 
inlet  W.'I'  drilled  in  the  ehamher  hollom.  i-enlered 
on  the  eaee  eomparimeiii  next  to  the  eml  plate 
I'cparate  draw  in”'  for  the  hack  tdale  and  hot 
tom  are  not  'hown  ). 

The  external  delixery  Inhe  for  the  inixin 
hhiwer  wa'  eoii'lrneled  I lor  lack  of  a\ailahe 
Inhiim'l  h\  horiim'  a '.’..'i-enediameler  I'lexiehi' 
I'od  lo  the  proper  internal  diameter,  then  entlnii; 
and  eemeiil  iim'  a'  ,'how  n in  l-'iLtni'e  .V  II. 

,\  Ilow  dimil  iim'  oriliee  for  the  reeirenlal  im;  a' 
M'lnl'lx'  w;i'  eiil  I’rom  thin  phi'lie  to  111  in 

lernal  diameter  of  the  H.'i  -■>  hall  joint.  .V  " mm 
diameter  hole  wa'  drilled  in  the  eeliler  ol  thi> 
di'c.  An  oriliee  of  I hi'  'i/e  allowed  tlow  rale 
adjil'lmelil'  to  he  made  iwcr  the  doited  ranee 
id'  (ahie>  h\  allerine  the  rpm  of  the  eoni  rollahle 
hlower  motor. 

II.  System  .Vssemhly. 

.V"emhl\  of  the  animal  expo'iire  >y'lem  i' 
aeeompi i'hed  hy  plaeine  the  ehamher  'hell  on 
the  ehanneldron  frame  and  plnireiim'  ihi'rino 
eonple  a"emhlie>  and  'ernm  hollle  'loppet-'  in 
the  appropriate  outlet'.  pre-''iire  rehel  tnhe 


I!' 


Ill’  L’-imu  i.il.  |iulyi'l !i\ li'iu'  i-  IIiIimI  into  m Iu|i 
l■^ll■lu‘^  wiili  llif  ili'liil  will  I'Mwiiliiiji  intu  llir 
illllllii'  III  till'  iimtIii'MiI  rmiir  liiiml.  Till'  |■|•l•i|■ 
I'll  liil  inn'  Mini  inixiiii;'  liliiWiT-  llu|i)  Mini  llin  mix 
illii'  I'mii  I'iili')  Min  MllMi'lii'il  with  MTnW'  Mini 
lill'lilniinil  iiiilil  ;;’M^knl'  jiwl  I'ni'iii  M ;i;i>-(  i”lil  'I'mI 
( iiMUilly  tiiiirni-  I inlil  ). 

'I'lin  -Innl  ilriv  n 'IimI’i  i>  iiwnrinil  I lil'iiiii:li  llm 
nnlilnr  nl'  llin  iM”n  Mini  liinknil  inlii  liii>irnili  I'y 
ti^rlilwiiiin  llin  lull  -nl  'I'lnu 'I'lin  i'Mi;n  niililMili- 
ilin;  ilin  MliiliiMl'  i>  lihinnil  in  llin  nliMliilmr  Mini  llin 
Mxin  i'  I'lilMlnil  iilllil  llin  -nl  'iTnw  nil  llin  linilnr 
-lllll't  WlirMnn-  llin  'Ini  nil  llin  nMirn  M-'<'llll'l\  'llilll. 
Tlin  inninr  'IimI’i  -nl  -nrnw  i~  I iy'lilnlinil.  A -Inn  l 
Iniinlll  nf  nnilnil  '|iiiiiir  i-  lillnil  c)\nl'  llin  nlipn'iln 
Will  nl'  llin  MxIn  In  linM  llin  I'Mirn  M-'i'lillilv  Mirilill'l 
llin  I'nMi'  rntinii  Ini'liiii”'  wliwi  llin  nnvnr  i-  in 
phinn.  Till'  lihl—  ilnllnnlnr  pliiln  i-  lillnil  inin  il- 
linlilnr.  llin  nliMiiiliW'  nninr  liii-liinn  i-  lillnil  n\ni- 
llin  I'Mirn  MxIn.  Mini  llin  I linnili-ninw-  Min  liiiinl 
linlitnnnil  nnlil  m -nul  i- nUnnlnil. 


Tlin  I'lirnMnn  willi  llm  nnniliii-linn  liilm  in  plnnn 
i-  nniM'il  InUMl'il  llin  nliMliilinr  M."Will’ly  linlwnnn 
il-  Mliiniiniini  yniiiln-  iinlil  il  nniiin-  In  ii  -In|) 
MlTMill'l  M 'I'l  -ninvv  in  nlin  nf  llin  ^lliiln-.  'llin 
nniiilMi-l  inn  llllin  i'  llinll  ili'Wlnil  llirnii^li  llin 
nliMliilinr  nninr.  Tim  -Inin  nl'  m I'wiimIi'  :!n  li.'i 
liiill-ininl  iinil  i'  in-wlml  inIn  llm  niillnt  nf  llm 
rnni  I'nii  ImI  i llir  lilnwni'.  llm  llnw-liniil  ilur  nlilii'i.  j- 
lillnil  null)  llm  ninl  nf  llm  nxiwi-inii  lillm  liilll 
u'illi  M 'IiimII  Minniinl  nf  -ilinnim  irinM-n.  Mini  llm 
jnini-  Min  nlMiii|in<l  IniTnllmr.  llm  I -Iiilm  Mini 
I lmrinnnnii|iln  linlilnr  iirn  limn  n|Min|inil  inin  |iliinn 
In  |i|  n\  ii|n  M nniilinilnll'  rnnirniilMl  inn  -y-lnlii. 
llm  I'Miin  liininr.  I nil  1 1 mlMl  II  In  rnniililnr.  I'nnirwilMl - 
ilitr  Mini  liiixiliir  lilnuni'.  Mini  fiili  Ml'n  nin'li  |i|iii;irnil 
inin  M -n|)MIMln  nllllnl  nil  till'  mil  Ini  -ll  i|)  'ii  lliMl 
iinliviilllMl  -U'ilnlm-  iillnw  -n|iMl'Mln  nnin|)nnwil 
In-linir  Mini  ii  -iiiiiln  iiiM-lw  -wilnli  |iin\iiln-  fnr 
'iniiillMiinnn-  MWivMlinn  Ml  llm  lm<:inninir  nf  iiii 
Mnlniil  In-t. 


APPENDIX  B 


DESCRIPTION  OF  THE  75  AIRCRAFT  INTERIOR  MATERIALS 
AND  THEIR  PHYSICAL  PROPERTIES 
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T.\iii.i.  11-1. — 

l)('sci'i|il  ion  of  Aii-<'i-iift 

.M:itcrial>* 

No. 

Clamlcal  Cospoaltlon 

TMcknaaa 

(In) 

Unit  Weight 
(oa/yd^> 

{<raignac  Ion 

C<thin  (<ae 

1 

PVF/Epoxy-Flbcrglaa/AiaBld  Honey- 
comb/ Epoxy-  Flberglaa 

0.  386 

48.5 

Panel 

Celllnx  pane 

2 

Spoxy-Flberglaa/ AraBid  Honeycoab/ 
Epoxy-Flbe rglaa  (No.  L without 
PVF  flnlHh) 

0.  iJb 

19.6 

lane  1 

C(  : 1 log 



J 

1 

?VF/Ar  aald  Flbar-Phenoll  c 

0.048 

56 .4 

l'an«‘l  roBpoi-.ent 

F'.tre  for  .Ut 
window  revea 
surface) 

W4 n or  1 
* upper  1 

1 

6a  PVF/ArABld  Fiber-PhenoLlc 


AlialniA/Araaid  Hoocycoab/ 
AluainuB 


Fiber  glAii~  Pol  yea  ter 

PVF/Polyeaccr->Chopped  Claau/ 
Arai&ld  Honeycomb/ Polyea ter- 
Chopped  Claea 


PYP/NuBax- Epoxy /Ar amid  Honeys 
coob/Epoxy  F Ibe rglaa 


PVF/Araald-Epoxy  (Acouatlc  Skin 
for  No.  14) 

PVF  (Clear  Flln) 


PVF/Lpoxy-  Fiberglae/Araold  Honey-* 
coab/Epuxy-Fiber glee /PVF 

Epoxy-Klter glee /PVC/ Epoxy- F Ibe rg las 

PVF/Fiberglaa-Epo*y/PVF 

F Lberglaa- Epoxy 

Helaal na- Fiber glaa 

Alialnlxed  PVF/ Nylon  S r la 

Polycarbonate 

Wool  Pile/ Polyeater  Rack  tog;' latex 
Coat  Ing 

Wool  Plle/Polyeater  Kacklng/laiex 
'x>at  Ing/Urathana  Pad 

rVF/Phenollc-Flbetglaa  b(  ceen/ 
Araald  H<jneyccjab  filled  vl  t h 
Phenol  )c-Fiberglaa  (Ut  f /P'lenollc- 
Flbarvl** 

Ff.^ty  Toated  Phenol  ic-Flberg 
(Hat  h 1 Mg  lor  No.  I M 

Epoiy  'oared  Phanoli  -Fiberglee 
‘Adttealvc  >iaed  In  N.  . l.'j 


lai-.el  coBpoiienc 


alndow  rev»-al  ( . jwe 
Bur  f a e J 


Slue  cargo  liner 


‘.h'eiKead  wtowage 
Jo«,r  «<Heubly 


A>.ouailc  wall  panel 


62.8  I Paitc  1 


IW  I Flooring  | Moor 

1 f 

fb.7  fergo  liner  ^ Cargo  liner 

16.3  l.argo  liner  I Cargo  liner 


S.<*3  Inaulatlon 

1.31  , Inaolat ion 


51.6  I Flooring 

51 . 1 I F loor Ing 


Tht  rmoplaet  Ic  Hulded  part 

Flooring  I farpec 


Foaelage  inHol.ition 

Cover  for  Insulation 
bar  t 


carpet 

Center  celling  panel 


^8.4  Panel  coai,onent  Ba  kfa<e  of  <«‘i]ing 

I pai.t  I 


j Pam-i  cooiponent  [ Adhealved  used  in 
j » e 1 1 1 Mg  pail*'  1 


K*  |.t < «l  r**il\  t'i“m  tin*  \A!1!C  r*-;i  •ri  uitli  tin-  iM  rtiii'.'.l«*ii  >•(  iln 


Tahlk  H-1 — (Continued) 


No.  Ch*mlc«l  CoB(»oticlon 

Thlckneas 

(Id) 

Unit  Weight 
(ox/yd^) 

Dcelgnetlon 

Cabin  Uae 

40  At«&ld  Honeycomb  filled  with 

Phcnollc-Flberglae  Betc  (Core 
for  No.  37} 

0.451 

10,8 

Panel  conponenc 

Ceiling  panel  cure 

41  Epoxy  Coeced  Phenolic  Plberglas 

(Screen  used  In  No.  37) 

0.038 

15.3 

Panel  component 

Screen  u&ed  in  ceil 
ing  panel 

42  PVP  (Acouetlc  Skin  for  No.  37) 

0.015 

12.7 

Celling  panel  (init.)i 

43  PVF/Phenollc-Fiberglea  Screen/ 

Areaid  Honeycoab/Areald  Honey- 
cufl^i  filled  with  Phenollc-f Iber- 
glee  Bat t/ Phenol ic-Flberglae 

0.732 

85.8 

Pane  1 

Urjp  celling  panel 

46  PVF/PVC/Phenollc-Flberglad/ 

Areald  Honcycoab/Fpoxy-Fibergles 

0.  ^00 

79.2 

Panel 

Upper  sldevall  jane'. 

30  Wool  Carpec/Phenollc-Flberglee/ 

Areaid  Honeycomb/bpoxy-Kltcrglee 

0.445 

9S.0 

Panel 

Lower  sidewall  panel 

52  Wool  Carpec/Epoxy  Adhea  Ive/.Mualnuxn/ 

Balee  V(oad/Cpoxy  Adheelve/ALuminun 

0.690 

198 

Hooi  ing 

Floor  pant 

56  PVC/Scalnleea  Steel/Epoxy  Adheaive/ 

Araaid-Phenollc  Honeycomb /Epoxy 
Adheolve/Stalnleae  Steel 

0.490 

168 

Floot Ing 

Fl...>r  panel 

60  Epoxy-Flbcrglea 

o.ou 

22.9 

Cargo  liner 

Cargj  1 Iner 

61  PVF/PVC/Phenol Ic-Fiberglas/ tpoxy 

Adheelve/Aramld  HoneycoBb/hpoxy 
Adhealve/Phenollc-Flbergles 

0.  500 

69.1 

Pane  1 

OverneaJ  btuwage  panel 

66  Slllcone-Treaced  Phenolic-Ftber- 

glaa 

1.  38 

0,09 

Iiiau  1 at  Ion 

Fuae lage  Inwulacijn 

67  PVC/Phenollc-Flberglaa/Aranld 

Hoacycoab/ Epoxy-Fiber  glee 

0.271 

68.1 

Panel 

Door  i Inei 

69  PVF/PVC/Phenollc-Flberglaa/AraBld 

Honeycoab/ Epoxy-Fiber glaa 

0.531 

91.0 

Panel 

LkiOr  aswemLly 

70  FK  Wool  (90  percent )/Nylon 

(lU  percent) 

0.037 

U.l 

Kabr  Ic 

Upho 1 s t c T y 

7)  FR  Urethane 

0.500 

17.4 

Fuaa 

Seat  pad 

74  FR  Urethane 

0.  500 

12.4 

f-oaiB  1 Seat  pad  | 

78  Araaid 

0.046 

12.1 

Fabric  1 Ipliul^tery  | 

79  FR  Pulyrther  Urcihane 

0.5U0 

11.7 

Voaa 

■ usM  <m  1 

HO  FR  Urethane 

0,50g 

V'uan 

Scat  ci’shl'^n 

81  PVC  (untreated) 

0.096 

/j.i 

Valric 

)-'pho  1 Ht  e ry 

82  KK  Wool  (76  pe rceni ) / PVC 

<24  perfent) 

0.0)9 

12.6 

1 al»r  1 w 

Lj'liu  1 HI  #■  ry 

'J-J 


r.MiLK  U-1 — (('ontmui'd ) 


Ch«mtc«l  CoApoalctoa 


64  I PVC/Cotton  (untreacad) 


85  ABS-PVC  (uncraaced) 


86  PVC  (uncraacad) 


FR  Wool 


89  FR  PVC/Nylon 


Araald 


FR  Cotton  ^ 


FR  Rayun 


Wool  (49  parcant)/PVC 
(51  percent) 


97  I FR  PVC'Polyeater 


99  FR  PVC-Polymethyl  Methacrylate 
100  I FR  PVC^ABS 


102  FR  Polyethylene  (rlgldj 


IU4  FK  Polyester  Urethane 


107  I A6S-PVC 


FR  Polvttethyl  Methacrylate 
Pol y»et hy I Met hac rylaie 
111  j Polycarbonate 


Sll leone 

PVR  / I'ol  ycarbonaie  / PVF 


Thickneaa  Unit  Wclsht 
(In)  (oa/yd‘> 


116  Polycarbonate 


Polyphenylene  Oxide 

t Iber  glas'bpoiy/ Aabeatos 
1 Icon# 


Dealgnat Ion 


Coated  fabric 


The rmoplaatlc 


Fabric 

Coat  ed  fabric 
Fabric 


Pnbr Ic 
Fabric 
Rabrlc 

Coated  labrl. 
■p»e  rmop  last  Ic 
T>ie  mop  I asr  Ic 


Cabin  Uac 


Ars  rcat  c 


Seat  side  panels  and 
trays 


Flotation  cushion  and 
padding  for  seat  hack 
and  aro  rcat 


Up  ho  I 


Seat  anr  cap 
Upholstery 


Upholstery 

Uphol*»tery 

Upholstery 

Seat  botlum  di-iphragn. 
Seat  shroud 
Seat  ahrou‘! 


Flotation  rust-.ion 

Foam 

^ Seat  cushion 

Therrr.oplasi  ic  i 

Molded  p«rt 

Traitsparem  / 

1 Scratch  uhldd 

Transparenc) 

' WlndOi^  p.»ne 

T r anaparency 

Windscreen 

t lastocer 

iMor  seals 

n»ermopIaat  Ic  j 

Insulation  { Fuselage  Insulation 

1 

Tliemoplast  Ic 

Fasaenger  at  rvlie 
units  and  lualnalre 

Tlie  mop  last  1 1 | 

1 

1 Flight  station  and 

1 lavatorv  part  s 

largo  liner 

Cargo  liner 

R i aatoner  | 

1 bou r seals 

d')  pe  r>  enl ) 


APPENDIX  C 


A TABULATION  OP  ANIMAL  RESPONSE  TIMES  AND  THE  RE- 
SULTING RELATIVE  TOXIC  HAZARD  FOR  THE  75  MATERIALS, 
AND  THE  ANALYTICAL  PRECISION  WITH  WHICH  RESPONSE 
TIMES  WERE  MEASURED,  AS  REFLECTED  BY  THE  RELATIVE 
STANDARD  DEVIATIONS  OF  THE  MEAN  RESPONSE  TIMES. 


Table  C-1.  Mean  Response  Times  for  Each  of  the  75  Test  Materials 

Mean  Response  Time  (Minutes) 


Material  No. 

Observed (& 

Standard  0 

Loss 

ti 

t(i 

ti 

ti 

1 

3.34 

6.99 

2.61 

5.47 

1.64 

3.44 

2 

4.04 

9.69 

3.07 

7.38 

1.76 

4.23 

6 

6.51 

9.29 

5.07 

7.23 

1.97 

2.80 

6a 

6.68 

9.37 

5.22 

7.31 

2.20 

3.08 

9 

6.61 

9.20 

4.94 

6.88 

2.15 

2.99 

10 

5.09 

':!!© 

3.99 

6.20 

3.60 

5.59 

12 

7.57 

5.85 

— 

3.60 

— 

14 

3.09 

6.89 

2.38 

5.31 

1.80 

4.02 

15 

5.09 

9.05 

3.89 

6.94 

3.74 

6 . 66 

20 

3.04 

5.77 

2.36 

4.48 

1.66 

3.15 

24 

25 

26 

14.68 

— 

10.90 

— 

5.37 

— 

9.95 

18.  92 

7.68 

14.61 

3.64 

6.91 

27 

4.91 

— 

3.70 

— 

0.69 

— 

28 

8.71 

— 

6.56 

— 

6.24 

— 

32 

4.94 

6.71 

3.70 

5.02 

3.61 

4.90 

33 

7.07 

15.80 

5.26 

11.73 

4.95 

11.07 

34 

7.35 

20.43 

5.53 

15.35 

5.13 

14.26 

37 

5.06 

7.06 

3.90 

5.43 

2.06 

2.87 

38 

6.27 

11.96 

4.79 

9.15 

1.44 

2.75 

39 

7.88 

16.15 

6.09 

12.56 

2.76 

5.69 

40 

4.31 

8.14 

3.22 

6.08 

2.51 

4.74 

41 

11.19 

24.40 

8.36 

18.22 

4.69 

10.24 

42 

11.40 

19.91 

5.82 

10.16 

4.71 

8.24 

43 

4.85 

7.90 

3.70 

6.02 

2.31 

3.76 

46 

5.59 

9.61 

4.18 

7.17 

2.37 

4.04 

50 

6.17 

9.32 

4.70 

7.10 

3.05 

4.62 

52 

13.11 

— 

9.84 

— 

5.45 

— 

56 

10.12 

17.60 

7.46 

12.97 

4.75 

8.26 

60 

13.63 

— 

10.33 

— 

4.37 

— 

61 

66 

67 

4.07 

7.39 

3.07 

5.57 

2.09 

3.79 

7.33 

11.97 

5.58 

9.15 

3.34 

5.48 

69 

6.49 

8.92 

4.86 

6.68 

2.90 

3.98 

70 

3.66 

8.27 

2.72 

6.16 

2.36 

5.36 

73 

5.59 

8.57 

4.29 

6.59 

4 . 46 

6.80 

74 

6.61 

10.61 

5.04 

8.08 

5.10 

8.15 

78 

3.04 

8.36 

2.23 

6.13 

2.17 

5.97 

79 

6.35 

9.70 

4.80 

7.34 

4.74 

7.25 

80 

9.91 

16.37 

7.55 

12.40 

7.21 

11.82 

81 

9.99 

19.09 

7.57 

14.45 

7.44 

14.18 

82 

4.72 

8.32 

3.47 

6.12 

3.43 

6.04 

h.  ___  _____  J 


Table  C-1  (continued) 


Material  No. 

Observed 

Standard 

Loss 

4 

td 

t. 

1 

^d 

t . 
1 

84 

9.73 

17.52 

7. 

47 

13.43 

6.91 

12.46 

85 

14.22 

— 

10. 

79 

— 

9.97 

— 

86 

7.10 

— 

5. 

50 

— 

4.03 

88 

2.70 

5.62 

2. 

00 

4.17 

1.75 

3.63 

89 

14.29 

— 

10. 

70 

— 

9.89 

— 

92 

2.83 

5.55 

2. 

15 

4.22 

2.00 

3.94 

93 

3.95 

5.88 

3. 

07 

4.58 

2.74 

4.10 

95 

5.43 

7.43 

4. 

18 

5.72 

3.51 

4.81 

96 

5.98 

13.19 

4. 

64 

10.18 

4.53 

9.96 

97 

9.23 

13.59 

6. 

97 

10.28 

6.51 

9.60 

99 

7.91 

11.10 

6. 

01 

8.44 

5.88 

8.25 

100 

12.30 

— 

9. 

41 

— 

8.49 

— 

102 

6.66 

10.26 

5. 

25 

8.08 

5.55 

8.60 

104 

7.09 

11.05 

5. 

55 

8.65 

5.50 

8.57 

107 

12.60 

— 

9. 

59 

— 

8.89 

— 

108 

109 

111 

10.06 

19.75 

7. 

56 

14.73 

7.50 

14.60 

4.98 

6.94 

3. 

80 

5.28 

3.75 

5.21 

112 

12.02 

17.95 

9. 

16 

13.66 

2.26 

3.38 

113 

5.13 

7.06 

4. 

04 

5.56 

3.99 

5.49 

115a 

1 3.08 

— 

12. 

26 

— 

2.98 

— 

116 

4.85 

6.97 

3. 

83 

5.50 

3.76 

5.40 

117 

118a 

123 

6.87 

9.12 

5. 

19 

6.89 

5.11 

6.78 

19.75 



14. 

96 



2.99 

— 

127 

1.48 

3.03 

I . 

15 

2.34 

1 . 10 

2.24 

130 

3.  76 

5.46 

2. 

93 

4.24 

2.72 

3.94 

136 

18.12 

— 

13. 

71 

— 

11.87 

— 

142 

2.85 

6.04 

2. 

22 

4.70 

2.01 

4.26 

143a 

6.34 

9.77 

5. 

06 

7.80 

5.06 

7.80 

143c 

12.20 

— 

9. 

.58 

— 

8.43 

— 

144 

4.28 

7.02 

3. 

19 

5.26 

1 . 77 

2.92 

I’VF 

17.17 

20.33 

13. 

,02 

15.42 

13.19 

15.61 

1.  Observed  response  times  are  those  determined  experimentally;  thev 
have  not  been  transformed  in  any  way  except  for  calculation  of  the 
mean  value  of  all  observed  times. 

2.  Standard  response  times  arc  the  observed  times  normalized  to  those 
for  a "standard"  200-p  animal  and  a "standard"  fuel  load  iif  1.000  g 
rather  than  the  weight  actually  useil. 

1.  boss  response  times  are  the  observed  times  normalized  to  those  for 
a "standard"  200-g  rat  and  for  a loss  of  fuel  weight  of  1.000  g 
rather  than  the  actual  weight  loss. 

4.  A ( )entry  indii-ates  no  response  during  the  lO-min  observation 

per  iod  . 

■2<! 


Table  C-2.  Materials  Ranked  in  Order  of  Decreasing  Toxic  Hazard 


Material  Numbers  Listed  by  Ranking  Criteria 

Rank 


Order 

Observed  t^ 

Standard  t^ 

Loss  t. 
1 

Observed  t^ 

Standard  tj 

Loss  tj 
cl 

1 

127 

127 

27 

127 

127 

127 

2 

88 

88 

127 

130 

88 

38 

3 

92 

92 

38 

92 

92 

6 

4 

142 

142 

1 

88 

130 

37 

5 

78 

78 

20 

20 

20 

144 

6 

20 

20 

88 

93 

93 

9 

7 

14 

14 

2 

142 

142 

6a 

8 

1 

1 

144 

32 

32 

20 

9 

70 

70 

14 

14 

144 

112 

10 

130 

130 

6 

111 

111 

1 

11 

93 

93 

92 

116 

14 

88 

12 

2 

61 

142 

1 

37 

43 

13 

61 

2 

37 

144 

1 

61 

14 

144 

144 

61 

37 

116 

92 

15 

40 

40 

9 

113 

113 

130 

16 

82 

82 

78 

61 

61 

69 

17 

116 

27 

6a 

95 

95 

14 

18 

43 

43 

112 

10 

43 

46 

19 

27 

32 

43 

43 

40 

93 

20 

32 

111 

70 

40 

82 

2 

21 

111 

116 

46 

70 

78 

142 

22 

37 

15 

40 

82 

70 

50 

23 

15 

37 

130 

78 

10 

40 

24 

10 

10 

93 

73 

73 

95 

25 

113 

113 

39 

69 

69 

32 

26 

95 

95 

69 

15 

9 

111 

27 

73 

46 

115a 

117 

117 

70 

28 

46 

73 

123 

9 

15 

116 

29 

96 

96 

50 

6 

50 

67 

30 

50 

50 

67 

50 

46 

113 

31 

38 

38 

82 

6a 

6 

10 

32 

143a 

79 

95 

46 

6a 

39 

33 

79 

69 

10 

2 

79 

78 

34 

69 

9 

12 

79 

2 

82 

35 

6 

74 

32 

14  3a 

143a 

15 

36 

9 

143a 

26 

102 

74 

117 

37 

74 

6 

15 

74 

102 

73 

38 

102 

117 

111 

104 

99 

26 

39 

6a 

6a 

116 

99 

104 

79 

40 

117 

102 

113 

38 

67 

143a 

•J7 


Table  C-2  (Continued) 


Rank 


Order 

Observed  t^ 

Standard  t^ 

Loss 

t . Observed  t , 

1 d 

Standard  t^  Loss  t^ 

41 

33 

33 

86 

67 

38 

74 

42 

104 

86 

60 

96 

42 

42 

43 

86 

34 

73 

97 

96 

99 

44 

67 

104 

96 

33 

97 

56 

45 

34 

67 

41 

39 

33 

104 

46 

12 

42 

42 

80 

80 

102 

47 

39 

12 

79 

84 

39 

97 

48 

99 

99 

56 

56 

56 

96 

49 

28 

39 

33 

112 

84 

41 

50 

97 

28 

143a 

26 

112 

33 

51 

84 

97 

74 

81 

81 

80 

52 

80 

56 

117 

108 

26 

84 

53 

26 

84 

34 

42 

108 

81 

54 

81 

80 

24 

PVF 

34 

34 

55 

108 

108 

52 

34 

PVF 

108 

56 

56 

81 

104 

41 

41 

PVF 

57 

41 

26 

102 

58 

42 

41 

99 

No  animal  deaths 

were 

noted  during 

59 

112 

112 

28 

the  30-min  observation 

period 

60 

143c 

100 

97 

for  materials  No 

. 12, 

24,  25,  27, 

61 

100 

143c 

84 

28,  52,  60,  66, 

85,  86 

, 89,  100, 

62 

107 

107 

80 

107,  109,  115a, 

118a, 

123,  136, 

63 

115a 

52 

81 

and  143c. 

64 

52 

60 

108 

65 

60 

89 

143c 

66 

85 

85 

100 

67 

89 

24 

107 

68 

24 

115a 

89 

69 

PVF* 

PVF 

85 

70 

136 

136 

136 

71 

123 

123 

PVF 

No  animal  incapacitation  was  noted 
during  the  30-min  observation 
period  for  materials  No.  25,  66, 
109 , and  118a . 
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Table  C-3 


Statistical  Data.  The  Relative  Standard  Deviation 
of  the  Means  of  the  Various  Measured  or  Calculated 
Response  Times 


Relative  Standard  Deviations  (%) 


Mil  ter  la  1 

Observed 

Response 

Standard 

Response 

Loss 

Response 

Number 

N* 

ti 

td 

ti 

td 

ti 

td 

1 

9 

17.1 

14.9 

16.0 

14.2 

17.1 

15.1 

2 

6 

10.6 

16.7 

8.4 

15.2 

8.5 

15.2 

6 

9 

7.0 

7.9 

7.5 

8.4 

7.2 

6.8 

6a 

9 

8.5 

7.2 

8.6 

6.7 

5.3 

4.7 

9 

9 

9.4 

5.7 

8.8 

6.0 

10.1 

6.4 

10 

9 

18.2 

15.2 

15.7 

12.6 

12.0 

8.9 

12 

9 

11.2 

— 

11.1 

— 

10.6 

— 

14 

9 

7.5 

10.4 

7.2 

11.1 

7.3 

11.7 

15 

6 

3.9 

12.0 

5.4 

14.7 

5.4 

14.7 

20 

9 

9.2 

18.0 

8.7 

14.7 

7.8 

17.1 

24 

25 

26 

9 

14.5 

— 

13.2 

— 

11.8 

— 

9 

8.9 

23.2 

9.3 

23.3 

14.8 

25.8 

27 

9 

16.0 

— 

13.2 

— 

17.5 

— 

28 

12 

26.1 

— 

23.2 

— 

25.2 

— 

32 

12 

6.8 

7.2 

6.1 

6.4 

6.0 

6.7 

33 

9 

6.9 

25.5 

7.2 

24.8 

6.5 

25.9 

34 

9 

7.1 

32.3 

8.3 

32.0 

7.8 

31.8 

37 

9 

10.5 

8.2 

11.3 

8.7 

9.8 

6.2 

38 

6 

5.0 

13.1 

6.7 

15.3 

4.5 

13.6 

39 

6 

10.6 

39.3 

12.7 

41.5 

12.5 

41.3 

40 

6 

13.6 

12.2 

13.9 

11.7 

13.1 

11.8 

41 

6 

2.9 

9.9 

3.8 

9.6 

8.2 

13.7 

42 

6 

6.4 

27.4 

6.6 

27.6 

6.0 

28.0 

43 

9 

7.9 

9.6 

8.1 

9.7 

9.4 

9.8 

46 

12 

14.3 

11.9 

14.6 

12.2 

20.2 

12.9 

50 

9 

9.9 

3.5 

9.0 

3.7 

10.9 

10.3 

52 

12 

25.2 

— 

23.6 

— 

23.7 

— 

56 

9 

9.6 

22.2 

9.1 

21.6 

9.6 

22.6 

60 

9 

11.4 

— 

12.3 

— 

13.6 

— 

61 

66 

67 

9 

15 

9 

8.8 

6.8 

8.5 

6.8 

9.3 

6.3 

12. 1 

11.3 

11.3 

14.8 

11.3 

14.7 

69 

9 

7.1 

10.1 

6 . 6 

9.5 

6.7 

8.2 

70 

12 

25.2 

27.7 

25.1 

27.7 

24.8 

27.4 

73 

12 

29.8 

32.3 

27.7 

31.3 

19.0 

22. 4 

74 

12 

22.0 

33.1 

18.7 

29.3 

14.5 

25.7 

78 

9 

8.3 

9.6 

9.4 

11.6 

8.8 

11.0 

79 

9 

16.9 

15.1 

12.2 

10.6 

12.2 

10.6 

80 

9 

13.9 

27.3 

8.2 

22.2 

7.0 

20.6 

! 

i 


* N = number  of  animals  tested 

= no  response  during  30~min  observation  period 
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Table  C-3  (Continued) 


Relative  Standard  Deviations  (Z) 


Material 

Observed  Response 

Standard 

V -1-ta  t-  -1- 

Response 

■ - Wt«  i/.  ■ 

Loss 

Response 

Number 

N 

ti  td 

ti 

td 

ti 

td 

81 

9 

7.7 

23.3 

7.7 

22.7 

7.6 

22.3 

82 

9 

12.4 

12.6 

12.8 

13.2 

12.8 

13.2 

84 

9 

9.1 

24.5 

9.2 

23.0 

10.1 

25.1 

85 

9 

16.7 

— 

15.1 

— 

14.1 

— 

86 

12 

40.7 

— 

38.2 

— 

39.9 

— 

88 

9 

12.7 

13.2 

12.3 

13.6 

13.1 

14.4 

89 

15 

19.0 

— 

17.4 

— 

16.7 

— 

92 

12 

6.3 

27.8 

8.1 

27.7 

7.9 

28.3 

93 

9 

15.1 

9.6 

13.1 

9.0 

10.9 

7.4 

95 

9 

21.3 

19.4 

14.8 

12.0 

14.4 

11.8 

96 

9 

4.7 

22.8 

7 .8 

20.1 

6.4 

20.9 

97 

9 

8.7 

11.2 

7.6 

11.2 

7.1 

11.2 

99 

9 

10.5 

8.8 

8.8 

8.0 

9.2 

8.1 

100 

9 

18.3 

— 

16.7 

— 

16.1 

— 

102 

9 

12.7 

6.0 

13.9 

6.9 

13.9 

14.0 

104 

9 

13.0 

18.5 

13.8 

19.5 

13.9 

19.5 

107 

15 

25.5 

— 

23.4 

— 

22.9 

— 

108 

9 

20.0 

32.0 

17.2 

27.8 

17.6 

27.8 

109 

12 

— 

— 

— 

— 

— 

— 

111 

12 

7.5 

4.7 

8.5 

5.6 

8.5 

5.6 

112 

15 

11.6 

18.2 

8.4 

15.8 

34.4 

37.3 

113 

9 

9.4 

10.0 

10.1 

10.4 

10.1 

10.4 

115a 

9 

69.2 

— 

59.0 

— 

57.3 

— 

116 

9 

9.6 

6 . 4 

7.5 

3.7 

7.0 

3.2 

117 

18 

13.5 

12.4 

10.5 

9.7 

10.0 

9.2 

1 18a 

9 

— 

— 

— 

— 

— 

— 

123 

6 

27.4 

— 

28.2 

— 

24.4 

— 

127 

9 

7.4 

9.4 

4.7 

8.1 

6.5 

10.3 

1 30 

9 

8.5 

9.0 

7.0 

6 . 7 

7.0 

6.5 

1 3h 

12 

21 .0 

— 

22.6 

— 

2 3.9 

— 

142 

9 

20.4 

7.7 

21  .7 

8.2 

21  .4 

9.1 

1 4 3.1 

9 

9.  5 

14.1 

9.6 

14.1 

10.3 

14.6 

141c 

9 

13.2 

— 

13.7 

— 

13.3 

— 

1 44 

9 

12.0 

11.2 

10.6 

12.7 

10.2 

14.8 

I’Vl 

(1 

18.3 

15.6 

18.6 

16.1 

18.4 

15.5 

Mean  RSI): 

14.0 

15.6 

13.2 

15.  y 

1 3.4 

15.5 

30 


APPENDIX  D 


DISCUSSION  OF  THE  BIOLOGICAL  PRINCIPLES  AND  MATHE- 
MATICAL RELATIONSHIPS  PERTINENT  TO  THE  CONCEPT  OF  A 
DOSE-RESPONSE  RELATIONSHIP  IN  INHALATION  TOXICOL- 
OGY. 


APPENDIX  D 

DOSE-RESPONSE  RELATIONSHIPS  IN 


INHALATION 

In  carlici-  ('AMI  'Inilic'  of  ilic  loxii-olo-ry  of 
al  ino^liln'i'C'  conlainiii”'  < '<  >.  IH  ’N.  oi-  niixl  iiro^ 
of  till’  two.  \vc  well'  fai’ccl  wilh  an  cxiiciimcnlal 
ilcsiy’ii  |)roM(‘ln.  To  |>ro|ici  l\  conininnicali'  I he 
naliii'f  of  ilii-  |iroMcni  ami  oiir  I'lform  to  >olvc  it. 
a -lioil  ili”T("^ion  will  he  nci-i‘"a rv. 

In  the  i-la'^ifal  a|i|iroa<-h  to  an  nvalnalion  of  a 
loxil'olooic;il  (|oM'-|'C-|lon'C  I'l' I M I ioii 'I  li  1 1.  it  i' 
axiomatic  that  a coimtant.  atnl  known.  i|iianlitv 
cjf  the  'iili'taticc  nmlcf  in\ C't  iir.at ioti  lu'  ailmin 
i'tcfcil  rciifoilnciMy  to  a laitii’  nnniln'f  of  tc>t 
aninnil'.  TIicm’  .aninial'  nnmt  all  Im  a~  neatly 
iilentictil  a-  i-  |)iac|  ica  (.  l;e|ieafei)  ;i((tiitni'f  f;i- 
tioti-  o\ef  ;i  >electei|  ilo-aoe  rtiiiLn'  itfe  tlien  iiiinle 
to  .•nlilil  ionttl  titiiniiil'.  Ile'iilt-  of  >ncli  int'et-t  iyra - 
I ioti'  m;i\’  then  he  e\|ife"eil  a-  the  ilo-ayn’  fe* 
i|nifei|  lo  elicit  :i  | i:i ft  iciihi f atiitntil  fe'lioie-e. 
riii.'  lio'.'iire  i>  coninionly  ex|>re"ecl  ;i>  the  (|n;iti- 
lity  of  le-t  "III I't iince  alhnini^lct■el|  per  ntiil  ol 
animtil  hoilv  weiyht.  In  toxicoloyietil  terni'  thi- 
elfectivc  (lo>e  tniiy  he  refel'liMl  to  a-  it  lethal  ilo'e. 
tin  hypnotic  iIom'.  ati  inciipai’itiit  iny  do-e.  etc. 

,\ll  animiil  experimenliit  ion  invoK c<  otic  'onrce 
of  vatiiihilily  wilh  which  ino>l  phy.'ical  >cienli.'l' 
never  hate  lo  eonieml.  iind  that  i>  the  \iiriahility 
in  I'ei-poii'e  from  one  hiolooical  indi\ iilmi I to  the 
next,  even  when  pre'cnled  wilh  idenlieal  'linmii. 
The  exi'tence  of  'itch  it  titriahility  ihertfore  re- 
i|nire>  that  eiich  experimental  ilo'iiire  he  iidmin 
i'lereil  to  it  ••nllicieni  ly  lai  ce  popnhilion  id' 
olherui'C  idcniiciil  'nlijeel'  to  attain  ii  >lali'lic 
iill\  reliiihle  re-pon-e.  In  c|ii->ical  loxicoloyyv  ihi- 
led  lo  the  expre-— ion  id'  "(dleclive  do^e"  in  lerm> 
nch  a^  lilt  . which  >iirnilie-  a do-e  ?-idlicienl  to 
elicit  the  mea-nred  re^poii'e  in  exactly  .Ml  percent 
of  the  le-l  animal--,  (thvioimly  other  homolocon> 
term-  are  in  eommon  imaye;  example'  ;ire:  l,|) 
(lethal  do'c  for  'J.’i  pelcctil  of  the  Ic't  popttlil 
I ton  ) . I i I ) , Id  etc. 


TOXICOLOGY 

In  addition,  the  hiolooical  re>poti'e  nttiy  vary 
hoth  i|italil at i vely  and  iiitaiil ilal i\ ely  according' 
to  the  ronte  of  admini'l  rat  ion  of  a jriu'it  doMx 
Therefore,  if  one  is  lo  iidei|(ialely  descrihe  a 
loxieolociciil  dose-respotise  rehit  iotiship.  the  ronte 
of  iidminisl  fill  ion  nttisl  also  he  'pecilied  : e.yn. 
oral  Id).,  dernitil  liD:.  These  do.'e-respottse 
reliil  iotiships  are  iinile  si  raitrhl  forwiird  and  logi- 
cal and  piV'etil  lillle  dilliciilly  for  the  experi- 
tttenlali't  in  properix  de'icniii;:  and  execniinc 
ntosi  toxicological  invc'l  ioiil  iotts : that  is.  tmless 
the  roitic  of  iidmini'l rtil  ion  i~  to  he  hy  wtiy  of 
inltalai  ion. 

In  the  ett'e  of  tt  yaM'iitt'  tt^n-ttl.  how  doe'  one 
ipiiinlilale  the  do'c  received  hy  each  animal  ( In 
these  iit'lance'.  the  cottmtott  approach  (hislon- 
Citllv)  hit'  heelt  to  expri“'s  the  i tnnf  nt  rutiiiii  ol 
the  stih'iance  tttider  invc'l  ictit  ion  it'  it  exi'l'  in 
the  atmosphere  to  which  the  ttnintal'  are  exiiosed. 
and  'pecifv  one  tiddil  ioini  I experiment  a!  paittm- 
eler  the  littte  interval  over  which  the  ex|iostire 
look  phtce.  The  terms  eorrespondiny'  to  elieclixe 
(losix  lints  heeotiie  elleclixe  <i)iu  { nt ad 
tnitti'tered  for  specified  littiC'.  li.xamples  xxoiild 
he:  lelhiil  cottceitl  r.-tl  iott  for  ."iil-percettl  ntorl.-tlilx 
itt  a .'i-ntin  exposttre  (.'i-tnin  Id’  ) or.  'intihirix. 
lii-tnin  Ti( . etc. 

Noxv.  tifier  'ttch  :i  diy:re"iot(.  xve  reltirn  to  ottr 
experittiettlal  ptohletit.  We  xvetv  ittlefesled  itt 
delininy  the  do'c  ii-'poitse  rehtl  ion'hi|i'  for  the 
ell'eci'  of  I XX  o toxic  ctlsC'.  ( '(  ) and  lU’N.  ott  I xvo 
rc'poit'es  of  the  alhitto  rttl.  The  re'pott'i"  xve 
cho'c  to  ttiea'itre  xvere  physicttl  inctipacital ion 
( t hat  is.  loss  of  coordinated  p'X  chon  tot  or  coni  rol ) 
ttnd  detilh  ( operal  ix  tdx  delined  as  ce'sntion  of 
vi'ihle  respirttltoti  for 'dti  'cconds ) . W’e  fell  ihtti 
these  I XX  o re'polt'e'  xvere  the  most  ttpproprnile 
for  att  inx  i"l  i”al  ion  coitcerneil  xvilh  the  ellect  ol 
cotttliti'i  iott  yti'C'  ott  tin  indixidiiaTs  ahilil  x to 
c'cape  from  a lire  cm  ironmciil. 


:m 


The  iinimal  i‘X|M)>iir(‘  ili‘'iiriicil  l>\  the 

aiilliiii'  t'lif  (ainiliicl  itiiT  tlu'M’  (■\|icriii]('iit>  iii- 
fliiili'il  I'niii'  ulii‘i'l-1  v|M‘  caiiV'  --iiiiilar'  lo  Irci'- 
fUMIiiiiir  rXflvtM'  wlua‘1-’  rxcrjit  that  llu\V  \vi‘t'c 
ih'iu'ii  cxicriiallv  al  a cnii'iam  'iici'il.  'I  lii> 
ffalmt'  Ilf  llic  I'liamlicr  wa^  '|>ia'ilically  doi^iicil 
1(1  allow  ihf  ilclfi-miiial  ion  of  |)h\>ical  inca|)aci- 
lalion.  Il  Would  al-o  conlrol  cadi  animal  > 
|)ii\>ical  acii\iiy  al  a con'iani  and  ii'iirodiicililc 
level  dnrino  an  cx|icrimcnl  a>  well  as  from  one 
eX|ierinienl  to  I he  nexi . 

Thi'l'e  were  tw  ii  a'lieel-  lo  I he  |ildhleni.  and 
lhe\  heeaine  oh\ion~  when  we  Irieil  lo  exjiose 
nnilliiile  '(■!>  of  I'oni'  animal-  lo  idenlical  eas 
eoneeiil  ral  ion-.  W V I’oniid  il  exlremely  dillieull 
lo  i|nanl  ilal  i\ely  reinddnce  l he  IK’N  alnios|ihere 
from  le-l  lo  le-l  and  al-o  discoxereil  lhal  il  was 
ooinir  lo  he  a loeistic  nielli  mare  las  well  as 
imeconomical  I lo  allempl  ihronoh  a lone  -cries 
of  le-l-  lo  hax  e each  ral  al  I he  -anie  v eiehl  al 
I he  I ime  of  hi-  ex|io-nre. 

The  inaliiliiy  i o coni  rol  I he-c  I wo  factors  lo  the 
de-irahle  decree  meani  llial  holli  of  ihc  elemenl- 
of  do-aire  (namely.  i|uanlily  id'  loxicani  inhalcil 
and  animal  hody  weiu:hl  ) wiiiild  ha\e  an  midc- 
sirahle  amoiml  of  -lali-lical  \arialion  and  llm- 
coni|)romi-e  l he  milily  id'  l he-e  derived  values. 
W'e  iherid'ore  deeideil  lo  evahiale  a dillereni  a|>- 
|iroaeh.  one  lhal  would  allow  n-  lo  ealeidale  I he 
do,-e  admini-lereil  to  each  animal  and  al-o  eir- 
eiimveiil  the  rei|nireinenl  for  n-iiio  animal-  ai 
only  one  weiirhl. 

The  maoniinde  of  a "do-e  ” aei|nireil  hy  inhala 
lion  won  Id  he  de|  lendenl  oil  I he  I ollow  ii|e  I a el  or- : 
li)  the  re-|iireil  alveolar  vdimne.  lii)  I he  eon 
eenlraiioii  of  ihe  oa-  III  the  in-pired  air.  (iii)  the 
ellieieliev  (d  eXIlaelioll  of  lhal  mi-  fl'olll  I he 
alveolar  -pace  inlo  the  hlood.  and  liv)  animal 
hodv  weirrhl.  Il  -eelneil  lo  n-  lhal  each  ol  I he.-e 
parameler-  eonid  he  ipianln  'led.  eilher  vvilh  eer- 
lain  a — iimplioii-  or  under  -pei  o'..-d  eondilion-. 

Ihe  volume  ol  I he  I'e-plled  alveolar  all'  eollld 
he  appldxinelled  lo  the  exlelll  llllll  (illVloll'-  II’ 
lal  ion-hip  held  for  onr  expel  ime  111  a I eoiidil  ion-, 
lie  ii'lMirleil  lhal  the  eo|  1 1 -polldeliee  helweeii 
iniiiiile  K -pii  aloi  v vohimi  aiel  hodv  vveiehl  of 
all  alhino  lal  wa-  e\pie--ed  hv  ihe  ei|iialion: 

l;\  innni’lei  -J.l  (hodv  \\  I ) . (1)1) 


I’lodv  vveiehl  i-  in  eiaiii-.  the  miinile-re-inralorv 
vdliinie  I lv\'  ) is  in  millililer-  per  mi  mile,  and  the 
iinil-  of  li.l  are  ml  min  ' 'j  ' ' . I hn-.  I^^  eoiild 
he  e.-mily  ealenlaled.  Since  the  mis  eoneeiil  ral  ion 
in  the  eiielo-ed  alino-phel'e  eollld  he  mea-iired. 
and  the  exiraelion  ellieieliey  wa-  a— limed  lo  he 
miilv.  the  do-e  eollld  he  ealenlaled. 

If  the  loxieoloeieal  principle  of  eipial  do-e- 
elieiline  eipial  re-poiisc-  (provided  all  olhei 
perlineiil  parameler-  are  held  eon-lalil)  were  lo 
appl.v  here,  then  animals  of  e(|iial  vveiehl  would 
all  in-pire  the  -anie  lolal  i|iianlilv  of  the  loxie 
eon.-l  11  iielil  hefore  exhihilinir  the  -aine  re-poii-e 
in  oiir  ease,  hefore  heeomine  ineapaeilated  or  hy 
the  lime  of  dealh.  Therefore  the  ineapaeilal  ini; 
do-e  for  all  animal-  of  e(|iial  vveiehl  -hoiild  he 
idenlical.  a-  should  he  the  lethal  do-e. 

I f I he  elleel  ivc  dose  for  an  animal  were  div  ided 
hv  lhal  animars  hodv  vveiehl.  we  -lioiild  have  an 
"ell'eel  i V (■  do-e  per  erani  of  hodv  vveiehl.  hiir- 
ihermore.  vve  hypol  he-i/.ed  lhal  al  lea-1  tor 
poison-  >neh  a-  ( '( ) and  IICN.  the  KD  per  erain 
id'  hody  weie'hl  -hoiild  he  eon-lani  for  animal- 
of  anv  vveie'hl  wilh  ihe  po--ihle  exeeplion  o( 
the  verv  yoiiii;;'  and  ihe  very  old.  We  iherelore 
had  a relaiioiiship  lhal  would  allow  ii-  lo  maUe 
expo-iire>  al  any  eoneeiil  ral  ion  lo  animal-  of 
d'll'erine  hodv  vveii;hl-  and  slill  eolleel  n-eflll 
data. 

The  do-e  eipiation  i-  derived  ill  the  followine' 
maimer:  (.Jnanlilv  of  air  re-pired  would  he  the 
|irodiiei  of  ihe  niimiie-re-piratory  volume  I K\  ) 
and  I he  I line,  ill  miniite-.  I : 

Toial  X'ohnne  Ive-pired  ,\ir  (l!\')(l).  I I )_  ) 
The  lolal  volnine  of  loxie  mi-  re-pired  in  lime. 
I.  Would  he  ihe  prodliel  of  the  lolal  voliinie  ol 
re-pired  air  and  the  eoneeiil  ral  ion  i \'  \ i of  the 
m'l-  in  ihe  air.  l(’):  tin-  would  he  a do-e.  d.  for 
I he  whole  animal  : 

d ('  |l;\  ) I (l)"il 

I )o-e  on  a per  i;rani  hodv  vveiehl  ha-i-  vvoiild  he: 

1)  iin\'l)  ' Clia')  llW'n  '.  (1)1) 

If  ihi-  lime.  I.  i-  ihe  eXpo-iire  inlerval  leiplired 
lo  hriiii;'  ahoiil  the  -pe.-itied  re-pon-e.  iiieapaeiia- 
I loll  or  deal  11.  I Ill'll  ihe  do-e.  I ).  i-  le-peel  i V el  V ihe 
ineapaeilal  iiie  do-e.  1).  or  ihe  lelhal  do-e.  1). 
I'lie  eorre-polldine  lillie-  would  he  I illle-l  o inea 
paeii  al  ion.  I . and  I inie-l  o-deal  h.  I . . 


Siil>>i  it  lit  ii>ir  ( iiiytonV  foinmlu  for  K\  (for  the 
••ill lino  rat ) : 

t -J.l  (\Vt)''•'■l(^Vt)-'.  (I)’-') 

I5v  "itMiilx  itiijf  thi>  i‘i|uatioti.  wr  can  m“c  how  the 
clfcctivc  (|oM>  i>-  a ftitiction  of  hody  wci"-ht: 

= t (Wt)  " (IXi) 

where  Wt  is  iti  yranis.  Tims  dose  is  itiversely 
ridated  to  the  fourth  root  of  hody  weiyht. 

It  is  ohvioii'  tliat  tlie  ei|iiations  just  derived 
are  ha'cd  on  ati  expo-nre  to  a eonsttttit  eoneeii- 
tration  of  the  active  material.  The  relat ionship 
i-  eipiallv  valid  for  a ehati!_’'inir  concent  rtit  ioti. 
provided  otie  has  iiileipiate  ktiowled^e  o(  the 

t iine-coMcetit  rat  loti  profile  over  the  time  interval 
from  t (itol  t or  t,,.  The  v;ihie  for  t he  intey;il 
lor  iirea  iitidet'  tlw-  ciir\'e)  of  tiu*  conci'nt  rat  ioti 
ct'ii'  time  ciir\e.  Irom  zero  time  to  the  respotist' 
ime.  cati  he  eiitctcd  iti  the  ei|ii;ttion  ;is  the  ((’)(!) 
product.  ( )tii‘  could  al'O  think  of  this  ;.s  lindiny^ 
t!ic  ( t product,  dividinir  hy  t I"  .irive  ati  avera<:e 
, or  effective)  concent  tilt  ion  ((')  over  the  expo- 
sure ititciaal.  .•ind  ctitcrititr  this  as  ((')  iti  the 

oriiritia  I eipiai  ioti. 

I'.xposiire  of  a larire  mimher  of  rats,  whose 
I'odv  weiirhts  ratitred  from  fitt*  to  it',  to  various 
concent  rat  lotis  of  ( ()  atid  IK  N has  icrified  that 
the  derived  rchit  iotisliip  is  a ii'id'iil  one.  For  the 
level  of  activitv  represented  liy  the  driven  wheel 
in  oiir  e\]iosine  eluimher.  we  found  the  lollovvino 
etfci’tive  doses  for  C'()  and  IK’N  for  the  alhino 
lilt. 

For  IK'N:  Itieapaeitai  ino  dos,.  ii. nii:  ko 

I.elhai  dose  mir  kir 

I'or  ( '( ) : I tiea paeit at  iiii:  dose  I.'i.Ti  liiL^  k”' 

Le'hal  do-e  .’ii)..'!:’.  mir  ky^ 

'I’hese  doses  are  expressed  a'  the  vveiLdit  of 
toxic  material  tliat  mii't  he  itihaled  per  kil  hody 
vvei:.'ht  to  produce  a L''iven  elleet.  'I  hev  may  he 
conv  erted  to  an  e(|iiiv  iileni  eoneeiit  r;it  ion  v alite 
t eoiiei’iit  rat  ion  of  the  toxic  oas  iti  the  atmos- 
phere). and  if  expressed  ill  I volume  volume) 
parts  |ier  million  (ppm),  ihev  now  represent  the 
••(lo'c"  for  ;i  oivell  response  when  the  ((')  ill  the 
ei|iialloii  |s  explcssed  ill  ppm  (\  ^ ).  1 hese 

V allies  for  I ) w oiild  t hen  he  ; 

For  IK'N:  I)  (ineap)  -J!'!'  ppm  I ml  jr) 

I ) (death  ) l.^)’il  |'pni  I ml  ) 

For  ( '()  ; 1>  (ineap)  h’l.'-'DT  ppm  (ml  ir) 

1 ) (death  ) l.'i.Thd  ppm  ( ml  lM 


N'ow  that  the  effective  doses  for  either  respoiisi' 
are  known,  we  can  deiiionslratii  one  of  (he  very 
Useful  f(‘at(ires  <d  (his  relationship  that  is  laek- 
inir  in  the  usual  ex]iressions  of  “X-miimte  FI),. 

If  one  had  a literature  value  of  a •'tO-min  LC  ,, 
(or  LC..)  for  a parlieiilar  jras  and  for  an  animal 
vveiLdi(  of  il.'iO  <r  hn(  was  in(erested  in  a •"i-miii 
lethal  eoneeniration  for  L'OO-y  iinimals.  (he  lilera- 
(iire  value  is  of  little  use  heyond  afVordinir  one 
an  approxiioiile  v:ihie  from  which  he  mi"hl 
speiiilale.  Fsin;r  eipialion  (IXi).  however,  the 
response  time  for  a rat  of  any  wei;irhl  exposeil  to 
anv  com  eiil  rat  ion  (within  the  limilini:  values) 
ciin  he  ealeiilaled  once  I)  has  heeii  determined. 

For  e.Xiimple.  the  IK'N  eoneeiil  rat  ion.  main- 
tained at  a constant  value,  that  vvoi.ld  iiieiipaei- 
late  :i  liOD-ir  rat  in  •'>  min  would  he  (Ir  uu  ei|iiation 
I 1)1)  ) : 

(',  ( .‘i  min)  ■-!)  (A)  T)  ( ( KV) 

(•j'.)'.i)  (•_'()())  l.'Mii.f ) (•_'()())"  ■ 1 
= 107.1  ppm. 

'I'he  .‘i-miu  lethal  eoneeiil  rat  ion  would  he: 

(.•.min)  (I'sdflfL'OO)  CJOii)"--] 

= (i.'iT  ppm. 

The  lime  to  inea  paeit  at  ion  for  ;i  iiOO-u;  rat  ex- 
poseil  to  a CO  eoneeiit  rat  ion  of  h'l.ooil  ppm 
would  he: 

I.  I)(Wt)  IlM  (C)(Wl)'''-i 

( Kl.'.HiT)  (i’.oo)  I C-M  ' ( l.'i.OOO)  (iloo)" ' I 
l.'sl  mm. 

I'he  i.|  for  a ."lOO  ir  rat.  exposed  to  lii.iiDO  plan 
( '( ).  vv  Oidd  he  fo.h  mill. 

'I'hes,.  four  ealeiilalioiis  indicate  the  increased 
ill  ilit  V of  such  a telat  ioiiship. 

\\  e have  iiidepeiideul  ly  eviiliialed  (he  aeeiiraev 
of  the  lethal  eyauide  dose  as  ealeiilaled  Irom  our 
mhalaliou  experiments.  \i  the  same  lime  we 
have  eoiilirmed  our  heliel  that  the  extiiietioti  of 
IK'N  from  alveolar  air  into  hlood  would  he  es 
seiiliallv  fOO  pereeui  ellieietll.  ( 1 his  heliid  was 
h;|sed  on  the  known  physical  and  ehemieal  prop 
erlies  of  IK’N  and  the  conditions  under  which 
alveolar  exehauire  lakes  place.) 

, 'since  the  results  of  our  inhalation  experiments 
V ielded  a ealeiilaled  lethal  cyanide  dose  hit  rats 
of  l.h.'t  m^  kiT.  vv e decided  to  oive  a series  of  rats 
a L'faded  dosage  sehedlde  ol  ( N hy  direct  ililra 


venous  ) iiiji-ctioii  itii<l  coiapiirc  IciIimI  dosc^-. 
A .'ohaioii  of  ImiIIVi'imI  N’aCN  \va>  injccicil  into 
llic  t‘XiM>>a(l  fciuoial  \ciii  of  an  cl  lii'i  -anc.-llii'l  i/.cd 
lai ; lii>  licai'l  aciioii  \va>  iiaiiiiioivd  In  |ial]ialioii 
and  hi>  io?'\iirat ion  \va^  o1im‘i\ cd  vi>\iallv.  Ani- 
iiiaN  ivct'i\ in”'  doM‘>  of  C\  . Iiaxal  on  iiidix  idiial 
liody  wi'ia'lil^.  llial  were  fr<mi  .‘ill  |l(■|■l•(“Ill  lo  !HI 
|K*n*cnl  ol  liu'  Kaiial  mlitihit nut  do>c  ( nio' 
l<«r)  HiniM'd  ilu‘  adiuiiu^l  lal  ion.  while  iho.-e  re- 
ri‘i\in<;-  lull  liereenl  lo  -JIIO  iiei'eeni  of  llie  lethal 
inhalation  doM‘  >neciiinhed. 

In  ino'l  of  the  aniinal>.  we  oh.~ened  ralhef 
di'ainatie  fe~[)on.~ei-  ininn'dialely  following'  the 
injection.  In  paii  ieidar.  fe^ihial  ion  wa'  erratic 
with  \'aryino  |iei-iod.~  of  ainwa.  Cardiac  activity 
a!.'o  hecaine  erratic  at  the  higher  do>e>  and.  in 
the  caM'  of  the  nonMin  i\in>-  continued  lone  aflei- 
re^iiiralion  had  lenninaled. 

t.Vn  inlefe'line  >ideliehl  to  llii>  e\|ieriinenl 
that  ilhi'lrate>  the  re\ er>ihility  of  the  oli'cned. 
intermit  lent  |ieriod>  of  a|>iiea  ociiirred  willi  the 
aidinal  ihitl  reeeiu‘d  !lo  [lercenl  of  the  lethal 
do-e.  liei’ail'e  lhi~  animal  had  experienced  a 

proloneed  pei'iod  of  apnea,  oiir  alicmline  palhol- 
oei'l  pronounced  j|  dead  when  caiiliac  acli\ii\ 
could  no  loliecr  he  fell;  'o  it  wa^  placed  in  :| 
pla.'lic  li;ie  on  lop  of  the  riiher  c;iii'a."ea  the 
‘.lii-perceni  ilo.~e  wii'  the  la-l  experiment  of  i he 
day.  The  phmlic  hae  wa-  placed  in  a free/.ct 
o\'erni;.dil . a.--  the  animal  caretaker  who  h.aiidicd 
di'po>al  had  lidl  foi-  the  d,a\.  In  the  inormnc'. 
on  relriiwine  the  har;  for  diapo,~.al.  there  --al  I he 
"lio  percent  animal  on  lop  ol  it'  decea-cd  and 
frozen  litter  male-.  KxcepI  for  fro-lhillcn  (or 
frozen)  no>c.  ear.-,  toe-  and  tail,  it  -laaneil  none 
the  woi-e  fill'  it-  "cyanotic"  ordeal,  ^\'e  mention 
tin-  primarily  heean-e  it  ma.\  -nc'c'e-l  that  the 
n-e  of  -ome  deyive  of  hypothermia  cindd  ha\c 
v.alne  in  the  irealnient  of  ne.ir-falal  cyanide 
poi-oiiinir-. ) 

i hi-  corre-piindence  helween  the  \aliie.-  for 
lethal  do-e.  a-  dclermined  from  inhalation  ex- 
periment- and  I direct  i.v,  injection,  -npj'ori- 
I he  \alidily  of  the  inhalation  data  and  \erilic 
that  the  ellicienc\  of  1 1 ( ' ,\  exlraciioii  from 
aUeolar  -pace  into  hlood  approache-  loo  perc.nl. 


■Mwolar  extraction  elliciencie-  for  CO  are  ap- 
proximately .‘ill  percent  until  the  hlood  carlioxy- 
hemoydoliin  (C()IIh)  |e\cl  reache-  lO-liercenI  lo 
.‘iii-pei'cenl  -ainralion.  .Mime  ihi-  <'()Illi  le\el. 
the  exi  tact  ion  elliciency  for  CO  w ill  decline, 
llowiwer.  in  onr  ireaimeni  of  the  do-e-re-pon-e 
relation-hip.  we  cho-e  to  deline  do-e  a-  the  (|itan- 
lily  of  the  toxic  ayeiil  that  i-  i/i.v/n'/'< //  and  to 
iyiiore  any  fractional  portion  that  may  not  he 
ah-orlied  and  would  therefore  he  exhaled.  In 
other  Word.-,  for  the  pnrpo-e  of  calcnlalino  what 
we  deline  a-  do-e.  we  arliilrarily  a— nine  that  the 
extraction  elliciency  i-  Kill  percent. 

^\’e  have  al-o  found  that  do-e-re-pon-e  rela- 
tion-hip- mea-nred  in  the  alim-e  fa-hion  mav  he 
of  n-e  in  extrapolatin':  data  from  one  animal 
-pecie-  to  another,  provided  the  minnle-ie-pira- 
lory  Miinme-  are  a\ailahle  or  can  he  -nitahly 
e-limaled.  A-  an  example,  n-in^^  a literal  lire 
valni'  fur  the  .‘i-min  LC..  for  mice  expo-ed  to 
( '( ).  We  have  converted  ihi-  concentration  lionre 
into  ii-  corre-pondinir  .‘i-inin  lellial  inhalation 
do-e  per  irrani  of  hody  weic'hl  hy  niilizino  the 
(iiiylon  eipialioii  for  and  the  reported  value 
for  animal  vveiohl.  Thi-  lethal  ilo-e  (tier  Loain 
of  nioii-e).  calculated  from  inon-e  l.(  . data, 
ac'i'eed  vvilhin  1 percent  with  the  lethal  do-c  ( per 
nram  of  nil  ) calculated  from  onr  rat  experiment-, 
ttliv  ioii-ly.  the  elleciivc  ( '( ) do-c  for  1 i:'  of  rat 
I i.--ne  eipial-  I he  ellcclivc  ( '(  ) do-e  for  1 o of 
inoil-c  li--ne.  W e have  found  the  -ame  airreetneni 
lietweeii  the  rat  data  from  onr  experiment-  and 
.‘i-inin  l,('..  ilata  from  the  literature  for  •■•it  ex 
po-nre-  to  t '( ). 

.\n  additional  oh-eivation  i-  even  more  perl  i 
neiil  lo  the  (a-k  of  allemptinc'  to  -olve  hnman 
prolilem-  hv  doiii"  re-earch  on  nonhnman  -|iecie-. 
W I'  found  lhal  if  one  converted  the  incap, icitat 
in”'  t ( ) do,-e  I or  rat  - 1 o t he  eipi  i V a lent  do.-e  fora 
■■'il-k;;'  rat."  the  re-nllani  do-e  airreed  within  o.l 
pei'ccnl  with  the  do-e  predicted  hy  the  l‘eter-on 
and  .•'tew. •Ill  ei|iialion''  for  human  acipii-ilion  of 
a I i'i..‘i- percent  ( '( >1  Ih -ainralion.* 

A>>.uiMiiur  lluil  iiirji|iacit;il  icMi  <>ccni>  wlidi 

llii-  (•n|n«  lc\»'|  rcacln*'.  h;.r.-|»cn  rni  '^ai  urai  i<'ii 

ami  ii’*.iiiu  sMlvilt  Innuaik 

K\  .*r  \ \\  i i 


K\ iiliial ion  of  >iiuilar  ext lapolal ion^  for  IK'X. 
fioni  oMi’  rat  tlata  to  Imman^.  luadi*  diliirull 
l>y  tin*  paiaiiy  of  (piaitt  ilal  i\ r <lala  for  IK'N 
(loM‘-i*‘>|)oii'(‘  rt'lat ion>hip>  in  Immaiis.  Ilowi'vrr. 
tiu*  !(’tlial  tttlialafion  fhaf  nc  nica.-nrc  lor 

tlu‘  rat  ilof"  coinrrt  to  a lilood  oyanidc  coiuaMi- 
tration  of  :i.l  ,u;r  tnL  ( a>>tiinin.ir  tlir  IK'X  is  di>' 
trilinltMl  uniformly  t hron^rliout  llu’  total  laxly 
watrr).  I'oivn^ir  data  for  liuman  fatalities  in- 
dicate Mood  cyanide  concentrations  fioni  t<» 
• * nilj. 

d'lu*  <los(*-res|>on^e  rehttionshi(»^  jii>t  «lis(Miss(»d 
foi-  CO  and  IK'X  e\]to-nrt'>  have  Imumi  applied 
to  the  conilmst  ion  exp(‘riment>  in  the  followinir 
manner : 

If  (Mjiiati«m  (I)h)  is  r(‘arranire<i  to 

('  >=-J.UD)  ' t(Wt)  (I)T) 

atid  it  is  recoLOji/et]  ilial  the  (dlectiw  dos(’.  I),  i> 
a con-tani  (tlie  ([uantity  of  toxic  L^as{e>)  r(M|uiird 


to  produce  th(*  ohs(*rv(*d  icspoiise)  with  tlic  c»llec* 
tivt‘  concent  rat  ion.  (’.  pt'oport  ional  to  (h<*  (ptati- 
titv  of  fuel.  F.  that  decomposed.  ('  UI*'.  we  cati 

st*(‘  that  foi*  all  expel  iment-  in  which  F i^  kept 
<‘on>fanl  : 

I =K(Wt  (1>N) 

wlu'iv  K IvF)  1'herefore.  for  Mich  ex- 

periments. / can  he  coirecU*d  from  that  ohtaine<l 
with  an  exp<‘rimental  animal  of  any  weiidit  to 
that  f wiiich  would  ha\c  lict-n  ohtaitied  witli  a 
-tamlard  animal  wei*.diinL^ ‘Jtm 

'V\w  variation  in  / due  to  ilill'erent  fuel  (|Uanti- 
! ie>.  F.  can  In*  "imilarly  coriH‘cted  to  that  \alue 
whicli  would  have  re-ulted  from  a tjuantity  ot 
fuel  <‘<jual  to  om*  mam. 

'rran>format  ion-,  or  norma  lizai  ion^.  ha-cd  on 
t lu’M*  colua'pl-  and  a-sumplioiis  were  utili/etl  in 
con\ i-rt iny:  the  oh-er\ed  data  to  ‘‘-tandard  and 
**los>‘*  response  t ime>. 
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1^4556-03,  Cole-Parmer  Inst.  Co.,  Chicago,  III. 

Furfiace  Temperature  Controller,  Type  59344,  Lindberg,  Div.  of  Sola 
Basic  industries.  Watertown,  Wise. 

Chamber  Temperature  Recorder,  Speedomax  model  H,  Temperature  range 
25-50°  C.  Leeds  and  Northrup  Co.,  Philadelphia,  Pa. 
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ANIMAL  EXPOSURE  CHAMBER 


Top  View 


ANIMAL  EXPOSURE  CHAMBER  - Top  View 
Showing  Blowers  and  Fan  Installed 


DETAIL  OF  DEFLECTOR  ASSEMBLY 
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ROTATING  CAGE  (SIDE) 


IL' 


ROTATING  CAGE  (END) 


Heavy  rubber  band  (3) 


Steel  wire  hook 


7 cm  overlap 
In  plastic 
mesh 


0.6  cm  thick  Plexiglas 
disc.  20  cm  diameter 


1.3  cm  holes  cut 
in  all  4 plastic 
ends  and  dividers 


Poly  propylene /polyethylene 
75/25  plastic  mesh  3 
strands  per  Inch 


5 cm 

AH  dimensions  In  centimeters 
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RECIRCULATING  BLOWER 
ASSEMBLY 


5 cm 

AH  dimensions  in  centimeters 


Front 


MIXING  BLOWER 


|< //.  6 >1 

Side 


Bottom 

1.5 


T 


2.5 

T 


ROTOR  DETAIL 


/ 


5 cm 


AN  dimensions  in  centimeters 
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MIXING  BLOWER  DELIVERY  TUBE 
( Plexiglas ) 


Left  Side  View 


RECIRCULATION  ASSEMBLY 


dimensions  in  centimeters 


